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Abstract

T T O

The ldea of reldtional models for aata bases can
be extendea in a straigntforward way to yield a fairly
simple scheme for natural languaqe access that can be
easily tallored to any particular target data base of
formatted records. A major part of this scheme,
including a processor tor queries in Englisnh, has been
implemented in FORTRAN on a DEC PDP-11/70 as a
aemonstration AJuestione~answering system witn Soviet
aircraft data., The demonstration system suggests a
design for a low=cost hignly portable natural lanquage
access facility 1immediately apvlicaple to existing
intelligence data bpases, eitner singly or several at
the same time,

Accessica For a
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EVALUATION

The objective of this R&D effort consists in designing a next generation
query facility that will supply deficiencies of information systems
within the current SOTA, such as the requirement for special training
and considerable experience; arbitrary and tedious access protocols;
applicability to only one target database and requirement for

knowledge of database structure/content; incompatibiiity with other
information systems, and poor adaptability to new user needs.

The AQT approach offers the advantage of natural language access by
non-expert computer users to differently formatted target databases. This
design feature eliminates the requirement f9 special training, minimizes
the dependence on one particular target daiabase, and cancels the
requirement for knowledge of database structure/content. Furthermore,

the AQT approach imposes no restriction on access paths and provides

a uniform access protocol for different target databases.

The AQT approach also provides portable technclogy applicable to
medium scale architecture. The present testbed version is
jmplemented in FORTRAN on a DEC PDP 11/70 under R5X 11/D, with
restrictions minimizing dependence on this particular hardware/0S
configuration. A fully operational advanced query facility will be
compatible with Standard Software Base (SSB) including SARP data
management system,

The subject effort has provided a valid design for a low cost, highly
portable query facility with natural language access to the existing
intelligence databases regardless of their formatting features.

The facility will be capable of accessing either a single database,
or several databases at the same time. The current follow-on effort
consists in development of a prototype for hands-on experimentation;
research into user needs and gquery language requirements; on-site

or off-site application of the prototype to different intelligence
databases on trial basis, and continuing evolution of the query
facility through user feedback, ultimately leading to a general

utility.
A i ‘.) |

lLl\‘».fa.) . }’g,\{. A \

ZBIGNIEW L. PANKOWICZ

Praoject Engineer
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fntroduction

1.1 OUn=line information systems for intelligence

Intelliacence analysis is pasically a process of sifting out
and plecing tojetner data so as to produce information pertinent
to decisiorn~raking., “Where uncooperative sunjects are involved,
this «ill seilaom be as stralgntforwara a4s looking at a single
message, photograph or cther collected data item, More
typically, an analyst will have to work interentially from many
incomplete anag possibly even conflicting data items. In such a
situation, it would seem ogesirable to have as mucn data as
possiole, but in vpcractice, the apility to <collect data tar
outstrips the aoility of any unsupported analyst to make sense of
the data. Accordingly, many types of online information systems
have npeep developed to allow computers to nelp in the manaaement

of larae files of intelligence cata,

with mass storage devices ann control processiny units
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Introauctian

continuira to improve in speeo anc capacity wnile deciining in
cost, tne tecnnical 3and economic teasipility of online
intorrmatior s/sterxs no longer are in douont, ‘daking this
inforratior accessinle py users witn actual need ot {t, however,
remains a troolem pecause these Jysers typically lack training as
compuyter rroaranmers., Siaply naving data stored on 1line does
automatically insure that it can pe used efttectively. 1If fact,
there is ofter 4 proolem «#ith too mucn data if access to it s

aainea cnly throuan learning rmany ditferent access procedures,

As & neans of making online intormation more conveniently
avajlarle te non-expert computer users, two key concepts have
emerqed as rajor areas of ongoing research and develcpment: the
relational molelina of dJdata bnases and allowing requests for
intormatior to be expressea in a natural language like English.

o The tecnnique of relational mwodeling allows an
irtormation user to awpproach a data hase in terms
ot the semantic dependence petween data items
witnout consjaeration of how tnis is actually
irgclemented in the aqata base, The user sees data
as a set of anstract relations defined over
prinitive data types; for example, the relation
£FELOYEE holaing for tne aata types NAME, 1D,

JUF CATEGURY, and AGE, typically written out as

FeFLOYEE(VAME, Ti38,J08 CATEGURY,AGE), The user is
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Introauction

T™HIS PACE
PN TS FHITE R TR F
allcann to ragninulate tre variaous {tems of 2ata
actually 4S8S350C14Ceq altn a uiven relation zithout
1aVIng tn ¥nGs SICh ternniCal detalls as the
tiysical “evice on AbICP LheY are stores, tne
loulcal nrcanizatlon of stor4zie on tne aevice, Aana
tre access nethow for retrirnt ty the tata, Al)l ot
tris woul1 be ranalen Hy svsten softagsre 3ana Tate
trensparent to A user.
/I ratural lancuase c3panillilty 3lloss an inforcdtjion
user tn refer Lo the contents 2t 4 a3ata oise in the
Sufe vaVv LNA’AT a PRrSIN ad2la talx 4aonut tnen in o
lancuate l1ike knilisn.  Tils anes fartner than s1moly
Jrcluasing rnillsn Keywnraos L 3 tor: al -tdery lanagdsae
or revina tne syntax ot tnat l4nTdate jnitate the tors
ot Fnilisin sentences; natuyralress icglles thit a
rerscn Can also use tne varlous fanjliar serantic con=
ver.tions nf A laaruaage Lire rnglisn Lo 1escrioe the

various kinis nt lonical aeiencence »italn a cata oase,

i LEISOR snoulna ne anle ta use 4 fhaturAal uerv languaae

witrout itaving e rknns anytring rore than tne seneral
tact tnat 4 diven aata t.ase Contains certain xinds ot

irtora4ation,

IS SEST QUALITY PRACSIGAN PAGE =3

“oth relationqdl =agagelint 304 natural lannu42e queryiag have

neen 10t lementel 1n A4 a)lie varietv ot experiTental systewns, otten

i

B L N RS NP UL SN
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Introuction |

Yitr tre tao it conciiaflon, Ine success of tnese systems in
SITPlityine Gdala mas5%2 ACCPSS 191 nnoh=expert users nas stimulated
loterest, rut it ims LLoveq 1é¢ticull te intronuce tnem  into
actyAal vorrir)  environtents, tre .rovjiem 1s totn technical ana
ndlfaleriei, |27 the one hmanil, S"ali eynarjmental systems tend to :
scale vL  pocrtly, since trey tens to DOojJ down cofputatinsnally 4as
a4t 3 DeSE€ES PpLTnAach the size Of tnese tyolcally 1n the real
acrln~: ¢cr  tne otaer nanau, intornation system nanajers are
reiuctart o 2010 Taenselves to a4 nea, talrly comnlex system

LhAat tHeV CHnraf easlly evdaluale,

fryira oGt 4 reletlonal O patufel lANguade «guery system cAan
ne Costlye. 1t ~av invalve « araat dea«l ot special oroqgramming as z
#€el]l as Trérsliaticn of aate trow existing  tormats into formats |
accentarle tc tre systesn, ine ertort #ill also be risky in tnat
taere 1s po cuarantee tnar tre syster xjill weet tne wverceived
neens ¢t cliven user or tnat it sil) even run «ith a given data
NDASe itere (4% A136 e jronlers ot 1ntearity 1f sualtinle copies
nt gate tave TOo re rane neciiuse of incompatirility petween tne
recultrenents ot natiral laniuade -plery processing ano exi1sting

gAla LTCCPRSESINT, .

1i.e Lovencen Jdery Techinisaes (avl) project was initiated in
AR eftcrt  to sT0otn out some ot the aitiiculties 1n qetting the

t tecr.nolccy ¢f retational o4ta oases and natural lgnauage to users

QUALLTY PRAMNGARS

v TODDE

. am1s PAGSE 15 BSST
! FROM Py (231 1%)
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introduction PAGE 1=5

in need of convenient anz flexirle access to online intelligence
data pases. 1Tie qgoal of tne project ~as first to identity a
supset ot sucnh technaloyy ad4b;.ropriate to 1ntellicgence data
analysis arc then to wiaita 3 s}stem to geroastrate the
eftectiveress Ot tnis tecnnolouy to potential users inteiligence,
lo accouplisr tnis, we hnave aevelovea an extenaed kind of
relational cata noqdel aesiyneo specitically «itn natural language
in minc¢ anc nhave ifucteqenteqg a cemonstration system on a wEC
PDP=11/70v usiry the extendey anata nodel Aas 3 means of translatiag

natural lancusaie queries into reterejices to a taraet Jdata base.

Some exanoles of gueries nanacled by the LYT denonstration

systen:

«hat is tne tuseladge lenith of tne Fuxpat?

rf tre rloqcer?

Aversae #inysoan of all rlus?

how rany fiahters or interceptors CArrv the
Atoll aissilley

what configurations?

Give me their cowpat raninus.

Treir qross weijnt,

vhicl. ot thess nave 2 crewmen?

1 crevrman?
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Introduction =

The recern of 4n actual session «#itn tne demonstration system ({is

oi1ven ir airpendix A,

3 Tre AenonstrAation systen is written {n FOKTRAv and currently

runs on eitrer wSa=1t+ or =110. It is set up to oe taple=driven

SO as to rake it Independent of any ygiven aata base. It will be

TOPESTTYRY

the bpasls tere for tne «aesign o0f a full prototype portabple

natural larcuaje auery facility runnanle on a processor as small
as a EC Fhe=11/45, Ths faci1lity will make 1t possiole for
practically ary user to nave natural language access to existing
tormatted cata bpases aith no additional naraware and with no
aigcitional sonrtaare excedt possiclv for speclal routines to

ranale urusudl aata types or linitaces,

le¢ Rackgrouna

awork or AJyT cesan as an ouvtarowtn of an evaluation of the
kil, (raridly ritensinle Larauage) svstem (10) ny PAR Corporation
for KAI'C (contrdct s+F3un02=75-0241)., Although REL was and still

18 a rrowisirc nAatural lanquage aata analysis system, we found it

most interestint 1n the areas of further research that it
sugaested, tne particutlarly strixing¢ proolem was tnat of how to
nare the nirary relational aata structures employed by REL so as :

Lo mare tler AS transparent as vossible to a user. The REL
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system never directiy aadressed tnis issue other than to oprovide

a wsay tor users to nefine local synonvms for existing names.

Ir A khroaaer context, the namninj prooblem turns out to oe
onlv ore asrect o0t a4 mnre generA4al difficulty that relational data
systens tenac ta gloss over, It 1s coften impliea tnat a standard
relatioral representation ot aate such 1§ tnird=normal form is in
some sense rnatiural and tnat {ts oryanization ana labeling should

therefore te onvious tn any auser, Inis is not necessarily so,

‘however; tcr 4s we snall snow, there are many aifferent possible

realizationrs for 4 aiven itew of aata in a given canonical form
of relatjcral representation. To mdxe the ornanization of a
relational ueta oase completely transoarent to a user, we have to

make tre cholice of relational structures transparent as well,

To attack this prowlem, we starten by extending the notion
of relationral nata structures to include a hierarchical ordering
ot relatfors ani to allos relatjons to innerit key fields ¢trom
turther ur in tne nierarcny. ~ith strict rules on tne naming ot
relations ir this framework, tne model turns out to be quite
transparent to a user anad in tact suagests how English queries
iiaht re interpreted w~ithin the moael, The model is still
sutticiently sirole 1n structure, nowever, that mapping it pack

onto & target 4ata bpAase Ccan Dpe accomplished through a

strajgnrttorwara tanle=driven mnrocedure,
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Introduction

inhe use of an interme3iate logical model 1n natural lanquage .

aata crase aCCess nhas the aavantage of solittiny the propblem into
two separate suoproplens: naturdl lanquage processing and gata
pase access processingy, The natural laAanjuaje pdrt unexpectealy
turnead out to be the easier one, largely berause o0f tne
availapility of tnhe vaAwkuLEZ (¥) system tor developiny Jquery
lanquage aqramprdars and parsers sriven ny thenq, Ase were tairly
quickly arle to oroouce a uemonstrattbn on 4 NDKC POP=11/70 tor
the translAation of A signiticant supset ot Enq}lsn into an
intermeaiate query lanauaje directed at a 'qiven relational
nlerarchv serving as a loaical data moael, danaling target data

base access tooxK A great deal more tinme,

At tirst, our plan «As to use existinj softasare from the
SARP [1¢) JatA manadjement facility to Nhandle data base
activities, since this would reauce the amonunt of proaramming
required to oring up an AUl deronstrate system, Deldys in the
delivery ot SARP ana inavequate docurentation, norever, forced a
change ot course. Given tnhne imnerative ot snowina tne
eftectiveness of Avl, we decided to put SARP asice temporarily
and to pring uo a simple agata nase ourselves on a POP 11//0. To
avoia .peina unredlistic, «e njacea no onrior conditions on tne
organization ot the ocata bhase and sesigned tne data d4ccess pAart
of the denmonstration system to avoia any assunptions about the

structure of the target data bpase, (nis 1n eftect made tne
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demonstratiorn svstea Into & wreliminary version ot a tull Ayl

tacility.

In tris canacity, tne nemonstrdtior systen was a valuaole
. testoes tor iavelopina  techniques for  specifyiny Aata opase

structure in tanle tormnm, Jenerating dAatAa ACCess vAaths,

- o ARG

controllinc a3ty nase searcnes, resnlvinng ayerles aenenaent in

meanina on a jprecedins gquery, selectinuy Aana tormattini output,

ana coMmpLULINg  Various statistical finctions of aata, The

e A

agemonstratlicn systew ny running on a4 bPuPke11/7G 4189 Shoas tne
teasinility ot irplerentinag an 4avul tacility even on medium=scale

1 nacrine arcritacture,

1,3 uthrer ajirosches

T

Proareniini 4 nachine to uniterstana n-4tural  lanjgualqge  is

dlways erorrouslty more ditficult tnan rost reople expect, 1t aas

) $SOoONn arter the CONSLIuUCTiNN Ot the tlrst electronjc cownuter, tor
exanple, that the ¢t{irst rronsosals tor Aavtamatic translation of

F . foreign larouajes rere mdade, At the time, tnis seemed to bve

4ithin reacr ot tne unpreceaented coaoytational nsower pecoming

CXALIR]

aovailacle; LIC  Taw  Loser bty ftseltf turned out to ve
insutficiernt, vitn steacy technoloiical proqress, thnere are now

laraer ‘anae  taster oprocessors, wore sopnisticated progyramming

laich: o i ¢ b R et o okl 22l
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Introaduction

ldanqueses ALa vetnonolongjles, AN1 a deener tneoretical qgrasp ot ;
natural lancueie! nar even tnese nave tajlea to bring amout the

"talking contuter® ot popnular «vtn,

1re ve)or wfticuity 1n duitoing natiral langnaje systems is
1iv li~jtirea tnr oronle~ to 7T4axe [t ndAngqgeanle, ln numan beings,
linguistic rtenavinr is closely 1ntertwinea «itnh intellectual,
erotlondal, Any $9C131 "enavior so tn4t aAnv attempt emylate human
Jingulstic rehavior soun 1ets intn complications., Tnhe pronlem ot
acettina corjuters to reand simpie stories illiustrates tne point
rere; there is not only -« tremenaouysSly rich array ot lanquage to
ve asealt witn somenox, DbDut ailso the forridanle task ot
incorroratira 4 rnrnad supportive rewertory ot linguistic and
non=linsulistic herAavior in el system necause any real
unaerstarniroa ot 3 story rejulres peing aole to  make an

anpropriate resncnse to 1t,

; In this coHntext of tnhe niatural landyane nrovlem, we can
% aistinavisn  twn pasic approacnes to vuil-iing systems. The first
is tne loncstantint "taixking comoyter” approacn that envisions
t maKina cortut=ars tuall gartners of numan peinns by ultimately

. aivina tner the poser ot sceern, The tocnus here is typically on

il e

attackine aitficait wvronlens im natural lanjuage understanding

sith tre coel 9f deveioning nes tecaniques for handlina them.

E : Systems tullt dloni tnese lines Are otten nighly successful (c.f.
i
]
i
|
|
l
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alnograd’s ShrkubLi system [(14)), put tne measure ot success tor
sych a system tenns to ninly correlated «~itn the nuaper of new

ditticult grorliems that {t opens up.,

Ar altogether ditterent 2y to oJ4ila natural languaje
systems JS wh4t #e wmignt call tne "nuts and nholts" approacn,
Insteaoc of attempting to come uyp «1ith Mmajor hreaktnrouins, wWe can
take tre wilde rande of landuaie processing technlaues availaole
and try to tit tnem tougether in orner to solve a practical
problem, in tne last several, this aAapproach nas bhecome
especially rroninent #itn an orientation toward {naproving tne
accessipbility of {nformation store1 1n on=linre comnuter data
pases, A query facilitv paseq on Ayl talls into tnis cdategory,
and so to put it into perspective, we need LO l0oOK At tne other

systems around.

1.-’.1

1.3.1.1 -

The FEL system nas peen menticonen 3jreacy (12). 1Tnis 1is a
relaticnal data analysis system «itn an knglish query interface
tnat is readlly extenndble ny a user snile at a4 terminale. ‘The

extensions are @wostly like macro aetinitions, serving to expand a
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particular wuser’s wday 0f saying things 1nto concepnts and
operaticrs alresny xnown to tne systemr, These xinas of extension
»ouln Alloy A Iser eventually to tailor a Juery landuage to pe

maxltally convenient ¢or a 31ven application,

Hel, was orininally laplerented on an IR 3h0/65 in assembly
lanauawe tor sneen ana compactness., Current versions are being
agirecten towar: otner nachines, incluainy one specialepurpose
minicoryguter oHyilt to run reu, Tne system i{s desiynead for 1/0
etriciency, reiying on cata ovetrnt storea In a speclal binary
] relational tormat ana on direct phnysical daccess to secondary
storage, possionly navini to 30 4rouna tne file system management
tor a rrocessor. LAnIwaye processing is done tnrough a
syntax=<river schete, J4sing 3 oarser aesigned to hanale the most

Jeneral revrite ararwmars,

un the wrole, PrlL apnedars o work nyt as 4 practical system
Ajrned at aata Ar4lysis as carriet out {n the real world. Actual
non=exrert USers seem ahle to anply tnhe REL aetinitional facility

in ettect to write d4data oprocessinna programs in £nglish. The

major shortconina nf REL s rroranly {its restrictive data
forrattiro requirements; 14atd4 physically has to be stored in a
specitic »Aay vefore wKl. car AnNr¥ ~itn it. This also leads to
agitficulties wnere fairly cnmnlex data {s involved; althouah

pinary relatiois are theoretically sufficient to represent Any
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k kind ot ocata stracture, 1T 1S not CcleAar th4at tne ReiL lananage
processino capatiiity can ndaKke arnitrarily comnoses tinary
relations easily Aaccessible to a4 user. Finally, tnere is 4

prorler with tne niaing ot reliations 4nd fielns tnat prevents tne

system fror peina fully transparent (see Section 2.,1.,).

1e3.1.2 -

RUROT (5] is A ~connerclally avalilaole system 1nten-ed ’ 3
primarily tor m™anajement informaticn Avplications. Its pasic
idea {s sirrle, nyt effective = naTely that a q¢3at4 base jtself
can oe yuysed 1S AaAn extension of a aictinnary, vractically
eliminatina any neea for 4 separate +orld model to auide language
analysis., In onractice, tnis invelves fully inverting 4 datd nase
to get index lists ot tne recoras contAaining & Jiven value 1in a
aiven fiela. The syster is desiined to tixe 4avantade of tne
index li1sts wierever posziple in auata base searcn, reaucing tne

neea tn reac in target datda rase records,

Currertly, rRO3IT is sutficliently well estanlished to have an
organizeac users Jdroun. JNon=technic4al manacers Aand their staffs
aprear to tind the system easy to »ork with ana tne information
returne¢ ty the systet usarul, ihe syster is fairly rodest,

runnina on an [4 373/1%% with 100K to 200K rytes of nemwory. The

B ERE" TR

ahuain TR FRPR—— - i P . il
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natural larauiie processing is none 4itn an augmented transition

net (Alr) parsiag scneme 1%),

It 1s urclear vetr hos comnlex a4 data opase RusOT can handle
eftrtectivliey, tne pronrlen 1s tae requirement fo full inversion,
whicn rmav rot 4lways e reasonanle to “do. Ine rwri1}3UT system at
nresent seers restricted to extrewely simple data file
orcanizatinrs, enstly linedar tiles o€ records that would
tyrically te searched vitn & seayential access rmetnod., This is
procAaply aceauite for some nusiness avplicAations, out it may bhe

too sirplistic for a hianly structurea S&T data base,

rlanes 1s 4 auery faciliity that translate natural lanjuage

. aueries into €fnarral aqueries directeq at a relational data base
contairirg raintenance informition anout naval aircraft. It

takes 4anvantase of tne restriction of its dorain of discourse to

simelity trhe overall problem ot natural languaje pbrocessing. The

system ains nct at emulatinag runan lanjuaae comorehension, hut &t

engineerinuy a vractical system tor a particular intormation

rrorlei,

‘re systen 1S desiagned to ne tolerant aoout the torm of

!
}
i
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ACCESS ranacer that tinds .tne location cf riles reterenced oy
GIeTIeS Ao Q6es torntia all the necessarv oroceayres for tetting
aCCess to  tren, viles in 3 tardet sata rase g3y ne scattered

ACTOUSS several titferenr coarparer systess lirkea into a network,

fhe ratural p4anga e Intertace 1S deslsnen tn he  extendable

Ay 4 GSET sy ttting exsmiles of nea juery torms an1 srecifying
AL they T 1N e Jaternretes reajative to recosgnized torms, The
entire J1rtertacoe in fach can ne tallorej inter4qctively to a aiven
Aaptllcarlor, there oein: ro inptial core rarmar  suoolied, The
enly  Testrictinn Lo setlnli} = adery landuase fron sCratch is
rat toe person soecifving it nas oe e faTviliar  «itn  tne 1LISP

sroarat-§r lari1ale, sirce tne pasic svster js ianlerented in
TP kLISY € @ it (=11, fue tacilities simply for detining new

LETmS ars jAtanirases 4Are ey eq4sier ta use, tnouilh,

12ii e 15 injepenant of A4 taraet nata pase to  the extent
tnat jts traasl.atoar  4ra 4cCess  Tan4aner cormponents  c©4An ope
rei.lacec, ‘rese wnigles 40p€sr to contaip taradet AAata  deoendent
code, Aalttovar wost ot tails 1s nropavly connectel ~itn particular
3AtA Cas€é lefalonent systevs ana not s«itn the contents of 9 data

rase, jre transtator .o7ale esrecially «0uld nave to ne cnanaed

1t tre tarret 1ara nase Taialewent syster were chanuyed,

st

P

© Aralaaia hiaz .




A st Do 1 ix

P

;
i
!
‘

I{ntroduction PAGE 1=17

The A(1 anoroach nas soretnina in comnon «itn eacn of tne
systems nentioned here, cut mnst closelyv resemibles LAUNDKLR, Like
LADDEK, an A1 facility is pased on a3 mylti-stadge translation
process that attempts tn make tne structure 2¢ a target data hase
transparent tc a user tnroudn methods that can ove anplied to data
bases o©of agitferent structure Aand content, [he orientation nt
AQT, troual., is sliantly aifferert in {ts erploynent of a kind of
relatioral data model and a t4asic query langua.ge ararTar, nrina

1t closer in tnis rescect to «il. and PLAWES,

As natural languanqe systews, All four ot the systers nere as
well as AT appear to 4Aim 4t anout tnpe same practical level of
competer.ce, adejuate for tnhelir intenwed use ~itn 4ata bases out
not spectacular, Althouah the techniguyes vary, All the systenms
seem to agree on the importance of uwroolems like ejlipsis and
simple retference. where the nther systems aiveraue mnost from AYT
is in the conception of an AQT tacility as & small, low=risx
system runninyi ~ith linites resources in a user’s oanerating
environrent; tnis is retlected in the iwplementation ot the AQl

demonstration svstem in FORTRAM on a DEC PDP-11/70,

VPIY R RN ad ‘v,f,.,m‘u.,_LArJ
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Conceunts

PR Exterairc relational aata models

The central concert underlying the A9T facility 1s an
extensien ot tne notion ot relational data structures [2],
rRelatienal rodels for data nases improve a great deal on
classical approacnes by Mmaking Access methods and data record
organizaticr transparent to A user; nut they still require the
user to kreow somethlng Aapout the structure of a data base, The
prorler is that tnere is no onre natural way to express any qgiven
aata ir terrs of relations, For example, data about the
nardening of support airtields against ajrstrikes might

cornceivatly re nraanized in manv different ways:?

ETRFIFLE (eeer tVDE=support, nardsyes)

SUEPLRT AIReISEDIaaes Status=hardened]
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FLIXED TARGST - leses Classssupovort alrfielaqa,

vulneraoility=hardl

ahere relatior nares appear in upper case to tae left of a set of
brackets and fileld nawmes a4and Associated values anwpear witnin
brackets, As c4n he seen, what constitutes relation names, field
narmes, and value dgesianAtions cAan ne hianly relative: variations
in relatioral structures can be auite radical, 7qoiny tar beyond
the standard alaenrajc onerations used to derive nes relations

trom 017 oOres,

To qet at information In a4 relation 4ata hase, 4 user «ould
ordinarily have to KNno Ahout its varticular 1loajcal
oraanization: tne actual nares of aefined relations, the Actual
names nf flelds containes in eacn relation, ana the tvnes ot
values associated witn each fleld, a4s well as the ovraajmatic
significance of certain values heinad associatea +itn certain

fields In certain relarions, HecAayse these adre all somewhat

v




3
®

ange R

A

- OTRTPMEIL . o e -

Concents

PAGE 2-3

4arnitrary, rowever, they are inessential to the problem of data
DAse access, serving only to complicate the situation for a given
user, I1f a data rase (s knowvn to contain intformation about the
naroenira of suoport airfielos aaainst airstrikes, tnen a user
ouaht to re Aakle simply to ask "Is airfteld XXA hardened?"
vithout having to wsorry About the various additional details

inposed nv a given relatinral representation,

The cifticulty witn tne nanv different ways tnhat relations,
tields arg values nigat rne defined for any given data base turns
out to re 2 kev clue to solvinu tre rnronlem, tnouqgh. [f the
varlants of 4 relational rerresentation are viewed from a
linauistic standvoint, then we can interpret them as the result
of the various «ktnds of syntactic transtormations famjliar to
natural lancuaie (31, Tne straicohtforward application of natural
landuace Aralysis to relational nomenclature can therefore 50 far
to rake relational data structures wore transparent to users.,
This is ruch more, it snould bhe noted, than simply allowing the
queries to & relational data base system to {mitate #nglish

syntax.

An oovious startin3a noint for studying transformations aAand
aata tase nomenclature 1s to 1ook at noa words are combined to

torn tre nares of relations ana fields in aeneral., In the

context 0of a Jiven data base, we teng to see that certain label

g

o e —— ,‘
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words (nours) seem especially imnortsant, servini as tne orincinal

[T NN

worn ot cescriotive relation names or as alstinauishing
qualifiers In ponth relation an2 field nanes, These Aare {n a
sense invariant under the various linjuistic transformations on
relatioral carta structures; for examnnle, 4 transtormation mav
‘involve rermoving such 4 lLavel word from a reilation name, byt only '
to put it elsesnere, nernans 4s A new acaitier of fiela namnes {n

tne relatior,

FUSFIAGE DL A3 Tety leeesr lenitnsxxx, wiatnsyyyl

necones

DIVELSIC lveesr fuselaae lengtn=xxx,

fuselaze wxidthsyyv)

1n naturel lananaje aiscourse, the important laoel «ords for
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a aiver c¢ate nase tena to nave 3 aefinite partial orderina in
terms ot trelr relative position in a1tferent possiole relation
L ; ana tleld rares: shenever two such label #nr-is appear in a name,
E one alrnst &lw4vs nreceqges the other, For example,

ATFCPAP T Al LT 4G T0ON

yloG DLAERSIN

ALRCHAFT DT HEMST

ALWCRAFT 410G
out rot,

sl ALRCHAFT LIMRLSEN

T2k ST & ING

(There i1s, to ue sure, A habit in some oranches of the military
to constriLct noua nnrases with backsaras noditication, but this
i1s upnatural «itn respect to common usage,} The partial ordering
nere is sinrly a4 1eneralization of patterns of speech and vields

a natural hjerarchy of label words for a given data base, This

nierarcny reftines 3 nartial semantic analysis of the descriptive
relatjfon ranes for the data h:3se *and thus 3lso an Aanalysis ot the

nAta relations tnemselves,

"A hijerarcnical deconposicion ot relation names provides the

Lt e ewmmame o el i it e e o D e SR R T . 7A
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pasls for a simple extensinn of relational anata structures,
First, we will allow multiple occurrences nf labpel «~or4s in a
hierarcny so that {t can become a tree (or a forest of trees)., A
data relation now descriptively corresponds to 3 downward vath ot
lave] woros in tne nierarchy. de can reintorce this
corresoondence by mapning over tne flela names of data relations
now as well, movirng them yn in the nierarchy until they are
semantically dependent on tne conceptl dencted by A label word at
some level, aithin A relational nierarchy, fiela names with a
common latel word nodifier can re analyzed further oy creating a
ne¥ sublevel for tnat lahel word and moving tnese names less the
moditier down to tnat sublevel, This pnrocedure results in a8 new
set of data relations, eacn named hy A sinale lapel w~otrd and

having a nierarchical orderinqg.

AIFCFAFT (nato pame=xxi, ...

. 'P‘US:‘;LAG": [...] -

e oDIMENSIUN [length=yyy, esee)

e e o ve ee

e o#NING [tyDe=LLIft, o...)

-
*
-

o oDNIMFNS[L (aihedral anngleszzz)

This sort ot structure will bpe calles a "relational nierarchy":
it could nre wore tormally derinea as a partially-or-dered set of

relational ceta structures witn sinile~sord lLahels, where the
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nierarchy reeaals tvplical usace of aords in simple Fnqglish noun

phrases vhen talking apout A giver anata hase,

Tc ertain A relAatinn nierarcry as a logical wodel for a
aiven oata rase, «e first net a3 stangard relational model for
tnat dara Lese Jitr relations define: so that all non=key fields
ot any relaticnal tunle are functionally depenaent on each of the
xev tielcs of tnat tuple; this is knoan as "tnire=normal form"
ana can Aalvavs be Jderiveu for a8 dat4 pase, iHaving a relational
rodel, e car tniext nerive a4 relational hierarcny from the
reiatior nares as anove, sucsStitutini synonyms where necessary to
allow as ruclk meraing as possiole ot downsard paths in thne
rnierarcry. In this way, we Jet in effect a maximally tactored

trirdencrral form relational wodel,

As o xinc of 1o1ical Adata bdase rodel, a relational hierarchy
nas tre acvart4d4e of opeina nracticaily invisible to a user, Its
structure s siaply an araloa ot natural languane word
moditicatien and sroula not nave to ne snelled out for a user who
Knows Fnalish anad #ho is a littie familiar with the contents of a
aiven «c&teée rase, Jhat we have 4one here is to eliminate some of
the ocearees of freedom in 3 relational approach so As to make it
more comnpAtiple aAitn tne way that non=expert data base users
mianht intuitivelv percelive information, The scheme s extremely

sinole, rvt {n mnractice, it seems to work out rairly sell as a

3




concectsy

Page 2-8

rrasis ftey corvater porairsrs te tare  sense of bLnalisn  gueries

girecten Acayrst A farnAatten daty nase,

Siver gpelatieial  nilerarchies A4S 3 medns ot auery
internretaticr, & matural lanuyage Juerv tacility talls neatly
jrte tuc nistinct sarts: A Lanayate 413iysis component that
rarses ircon)ynyi L 1Pries  3ny Tars  tnewn into  4ata reterences
relaegive to & rolational nierarchv JAata toge); and a3 tar1jet
trans)<ter  ¢n oonent Thial mANS reterences tno a4 loaical adata bhAase
penel Irto rTetererces O 4N JgitiTate tarjet cats oase, Havina a
relatieral 12rarcny  «S an  interrsediate step wverwmits language
Analysis to e avelacen jnderengent Of the tArget translator,
ann  thus  ineerensent o0t the tariet 4data oase itself, This
greatly entances rortability ot tne uuery facility at the front

end,

Zo2 hp 1rterratiate Luery laniuadne

Irarslatiny an input agery into An intermediate languale is
Aqvantacents in  several +ays. The anst important consideration
is *odularity:e i breasks v tne Suery orocessind onroblem {nto
tse0 ore raratearle onvieces frna the standpolint of established
cornutatioral tectiniaues for cownrijin: 3nd translating langquaqes

ar1  tor retrievini aata  tnrouan formnal aueries. Tnls sort of
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roouldarity aiso ennances tLne nltimate nortanility of a natural
1anquaae  cuery tacilitv 1n that tne 1nput Auery processor can oe
gesignec witr 4 "minitan Ot As5sSrtiors 4mr0Nt AN ACtLuUAl targjet

data vese,

rroa  tre persencrjve of the user, tne aifsplay of an
internealerte transiation 1s nelnfu)l for verifving tnat auervy
processirc is i1 fict rroceecirs correctly, Thne aerivation ot
relaticrnal rierarcnies on  the rasis ot linauistic mwoaification . f
rakes it tairlv easv for A user to understana a4 intermediate
acuery wittout really navini to vno» all tne thinis necessary in
orcder to constract one correctiv. jtere is aof course o hazAard in
exrosira a user tn some ot tne tecnnical details of query

N

FrocessinGg, rut or the ahole, 1t seenrs more balanced off ©ov

maxint ocueryv orocessin? less Tysterious to tne user and aiving

tne user sore control over it,

Ar alteqgether aitferent Totivatinn Ior intermediate
translatior arises bec4use of tne need to neal ~itn tne pronlem
ot pronounrs Ana  other Nominal exrressions  that 'nave to Dpe
gnoerstooc¢ in context. 11 Ieneral, trnis reauyires ‘taat an access
tacility te arie %o save previous aueries ir 3 w3y that aAallovs
irtormation to ne extracten fror them ahen needed to interpret

reterences Of a clirrent ayerv, Tne intermeriiate laniduaye form ot

queries turns nuf te ne convenient tor tni1s nurnose (see Sectjion
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4,1 tor cetaflsi,

we miaht draw an  analoqgv  «~ith tne sirnjlar tecnnitue of
naving ar {ntermediate lanuilage nnhase in 4 conniler for a
progranming lansuage., [t 1s a8 stanaara anbroach for mdking coae
optimization easier to 20 ana for desiIning compilers to pe
portable; and it can be etfective 4s «ell 1In other 1lanyuage
apblicatiors, v oeint carefuyl in the choice of an intermediate
languace, we cdn greatly simnlity the oroolem of processing any
langquaoce, sonetnina esnecially irsportant wnen dealing witn

lirquistic complications on the order of those Aarisina in

Enalish,

The intermeaiate auery lanjuage assures tnat all data ot
interest canh ne oriJAanized into a lovical hierarchy or relations,
~here a reletinn could ne thoujnt of 4s an anstract record type
with certairn aefinen fields tor holiing speclfic kinds of data.

For exarvcle,

LIVCKAFT f{country, designation]

¢ . JFUSELAuLE j

P e WDIVFNGLION [lenath, widtn]

e o FAGINE (2, manufacturer, thrust)
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Thne locic4Al hierAarchy ot "an aircratt data ovase with 4
relations ara / fields detinea,

Ab intermre-itate nuery 1s a series of "clauses" reterring to
such a nierarcny. It is expressed as a li3t ot the clauses

tertfnatea ty tne symvbol (.1

CLALSE =

« ClPUSE = 2

. CLAUSE = n

A "," rreceaing A4 clause {ndicates dependence on a previous

clausge; it ts A xind of continuation marker, The tirst clause

in an intermenfiste nuerv may or may not he dependent? all

suhseauent clagses 1n the query must ne,
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Lach clause traces o path throuln tne relational nierarcny
ot a oata rase, startina froir tne top of A nierarchy for
independert clauses and brancring ott opreviously cefined paths
tor et ender.t clauses. rach patn cAan  pe  thouint of Aas
correspeonaing to a ¢cnain ot relational instances (actual lonjcal

data recoroes) ‘natching the conditions of A clause,

B clause is exvuressed 1n the general form

Fl F2 see RN(YN)[ ()1'020.-."’)‘('

where

Pi Are relation names in a aoiata hlerarchy

vl are special action aarkers

(R} are nredicate 2 alifiers on relational fielas

{enclosea {in sAquare nracxkets)

Relation names «+ill always ove one word 1long to avoid
ambiquity rrotlems, The sequence ot relations R1 R2 ... Rn in a
clause must trace a continuous ao4naard chain in 3 relationl
hierarchy, For an in-dependent clause, R1 must pe the top ot the

hierarchy, In the relational nierarchy from above,

", FUSELAGE DIMENSLON"

"ATRCHRAET “NGUIE"

R
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“AIRCRAFT FUSFLAGE DIMENSION®
"ATRCRAFT" are all possiple legal sequences,

A qualifier 93 consists of a 1list of field specifications

separated ry commas. each specification {s of the form
Fieldrame aritnmetic-comparison=-operator value

There are a number of conventions with field names:
o a field name in ah intermediate auery may have a function
K nare associated with i{t, with the function name enclosed {n

parertheses. For example, [(maximum) length=*), In this
case, tnhe procedure 1s first to look for a field name
"raximun length"; it tnere i{s no such field {n a data base,
then tne field "length" is searched for in tne data base
model and if found, the function *“maximuym" {s applied to all
tfielas of relational instances to yield a resultant value
for comparison or return.

0 secondary keys enclosed in <«<...>> may be part of a field name
in an intermediate guery. These may be in two forms,
<<Xz=Y>> or simply <<X>>, These allow for the value of a
tield to be actually an array. The tirst form <<X=Y>>
selects a column or row or plane of an array explicitly. The

second form allows for field names of the form "X field name"}

§
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it no such filela exists, then fleld {s assumed to be an array

and X {s assumed to be 4 parameter for selecting a value

associatively. [t is assumea tnat 3iven X, «#e can find +hsat
parameter it must specify by looking at the array. In other

woras, the intermediate guery need not say this exolicitly.

0 "s" §s a special field name for how many of an onject

corresponding to A relation is associatea with an object of

the parent relation,

Values will have assoclated conventions also. It is assumed
that default units of measurement are associated with fields of a
data base anna that tnese apply 1{f¢ omitted from a value
specification. 1f an explicit unit {is specitied, then the
intermediate query languaqe processor has the responsibility of
converting units in maxking comparisons. £xact matches of
numerical values are not mandatory; the data base aescriotion
should specify what tne ranae of exactness should pe for various

fields. (Trhis is not the same 3s a3 measuremnent error.)

For examrle,

designations®1G=2%, countryszur

length>100 feet

.
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A value may be the symbol *, which is the wildcard, This will
match any value of a field provided that the field is actually
defined for a gqiven relation instance, A
marker Mi can be a uniqueness 1indicator (!) or a guestion
indicator (?), (#2), (¥Y/N?) or both. Question indicators,

however, are mutually exclusive, For example,

(2) (1)

(#?)

Markers Mi and qualifiers QJj are optlonal 1in a clause, 1t a
qualitier §s null, then it matches anything providing that the

corresnonding relational instance {s actually defined,

For an independent clause, the procedure for Iinterpretation

{s as tollows for qualification:

0 start at tne top of tne hierarchy.

o retrieve all relational instances compatible with qualiflers.
o {f a lower level of relations is specified, retrieve all lower
relational instances chained to those already retrieved and
having compatibility with qualifiers at the lower level.

o continue this until either the end of the clause i{s reached

or no relational instances satisfy a gqualifier.

L

Ruma b,
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For dependent clauses, the proceadure is similar:

0 start at the current place in the relational nierarchy, l.e.
where the precedina clause stonped.

0 try to interpret the clause as applyina to the subhierarchy -
of relations At the current nlace and referrina.onlv to o
relational instances satisfying the preceding clause, -

o 1if the first relation of the adependent clause does not exist
immediately helow the current relation, back up one level in
the relational nierarchy ana try again, .

o 1in cacking up, retain only those higher=~level relational
instances chainina with a matcned relational instance at the

lower level,

The procedure tor qualification selects certain subsets of
relational instances for each of the relational tvpes specified
in a query., The markers of an intermediate auery 1i{dentify what
subsets are of interest, as well as the type of action to take
with them in response to the quéry.

o (n!) Tnis specities that only n telatioﬁal instances should
match, 1If n is preceded by tne overator ‘>’ or °<’,
tnen it specifies that more than n or less tnan n should

4 match, 1f n is onitted entirely, the marker is for

definitions #ith a specific nuamber,
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0o (?) rnis specities that all key fields and all % fields of

P

the mdrkeq relation are to be presented to the user for
the matched relational instances.
o (#%7) Ihnis asxs only for a count of relational instances
matched,
o (y/n?) Inis asks for a yes or no answer, depending ‘;
on whether any relation instanées match

tne conaitions of a querve.

For the most part, the conventions here should be adequate
as a pasis for nuestion-answering apolications. The only further .
detail that needs elaboration is the problem of reference across
queries, where the first clause ot a guery is dependent. This ’
would work in much the same way as reference within a query, but

with a complication,

The problem with cross—-query reference is that this does not
always reter to relational Instances identified in a previous
query. OUften the intent is that the current query incorporate
entire clauses from a previous auery $o as to identify completely
diftferent relational instances (i.e. anaphoric reference), The

; procedure for aealing with this wlil be as follows:?

© Assume the preceding intermediate query 1S available:
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nerce the current one into it, with the current one P
surerseding it there are contlicting differences,

o 1f the result is the same as the preceding intermediate
query except for additjonal field specifications, then ]
interpretation of current aquery can proceed by applying

trucse specifications to the relational instances

ratched by the precedino guery.
o 1t a field specification 1is changed without any changes

in questiecn inaicators or adaltion of clauses, then

interoretation must stdrt over from the beginning with
the nerged guery. (This situation is anapnhoric).

o It a question indicator is chanjed without the
introauction of any new indicators, tnen the interpretation
will proceed on the pasis of other changes in the merged
ouery, if anvy.

0 1If a new clause with a guestion indicator is introduced by
the current auerv, then all unrepeated clauses from the
creceding query having a question indicator and tracing a
aivergent path in the nijerarcnical relational hierarchy
nyst be deleted, and query interpretation must start over
acain. All other orevious question indicators will be
drcoped in any event.

o If no new clause contairs'a question indicator and there
is no previous question i1ndjcator at a nierarchical level

atove A new Clause, tnen interpretation can proceed
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directlv from the resylts of the precedina intermediate

querye.

o If there is A new clause without a guestion {ndicator
below a previous question inaicator combined with a
detiniteness inticator, then interpretation will proceed
as above as lf there were no nes clause. [t the definite-
ness indicator is absent, however, then this {s Jeemed
arbiaguous. The requester is notified ot this, and it is

assume ! that interoretation snould start over from the

npecinning witn the full mrerged nuerv.

o The default for interpretation witn reference is always

to proceed from the results of the previous aquery.

Examples:

A segquence of queries «#itn reference

AIRCKRAFT(?) "4ow4 many planes
« FNGINF(324) nave 4 engines?"
(.)

AIFCFAFT(?) (country=sur) "How many Russian
(.) ones?"

Here we reinteroret from "AILRCRAFI"™ 1level 4#ith the relation

instances matched there.

PAGE 2-19
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o LIFCEHAFT FUSFLAGE DI Ae-STun(?2){length=30) "How many
() have length
302"
idrpiauity = lenatn ot i~enqgire planes or length of 4-engine
Fussian olanes?
Here we wouln assune tne latter and would {nform the user of that

fact.

2.3 Tarleecriven translation

nmecause the Al vroject was directed toward the development
ot aeperal nata nase access techniaques, we had to avoid any
appreoact tnat denenden on any particular kind of target data
structure, 1nis necame esneclially important in implementing a
gemonstratior. systew for AQY, tor it had to be clear that 1its
capaniliries w~nuld aprly tO large, complex acata pases from the
real world as ~ell as to a srall, contrived demonstration data
nase. »¢ theretore adopted A taole=driven processing strateqy
tor AG1, where iata base dependent details of access would ope

xept Sserarate from tne onherdation ot 3 system in external tables,

Tre syrtactic analysis anna rewriting ot inout queries were
easy to rardle in tnis manner pecanse they involved the kxinds of

tecnninues alreany evolved tor syntaxedirected translation of
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programaing languaqes 1) ana the construction ot

compller=conpilers. In tne A0QT aoproacn, an input query languaje

; is defined by a table ot rules of grammar and a dictionary taole
‘ of vocabulary for a particuldar taraet data base, The semantics
of a query laniuage is defined by procedures assocliated with each
rule of grammar and each Jictiondry entry; these procedures,
encoded as strings to be read ny special interpreter, are also

Kept external tn a systen,

For the <translation of natural lanquage jueries into
intermediate queries, the oropnlem of AOT was to provide
convenient but yet powerful enounh facilities to aetine the kinds
of gqrammars ana dictionaries reauired for natural lanqguage and
also to provide a flexible parser tnat could he driven by these
grammars and dictionaries, Nur  solution to arammars wag to
express them using context free rules with extensions in‘ the
directjion of van Wijngaarden grammars (i3] for additional
descriptive powers: these extensions were constrained so that we
could still bpasically employ tamiliar techniaques for parsing
context~free lanaquages. Uvictionaries nosed no major difticulty
with a semantic scheme ot strinj manipulation through text
editino priritives; words could pe aefined simply as sets of
ASCIL1 character strinas p4ssed as arqumnents to semantic

procedures, Section 3 will describe this is more detail and will

go intdé an a4pproach to a casic arammar tor natural language

o AT S, SRR
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aueries,

The 44T parser plus an interpreter for semantic procedures
constitutes wihat we call the "AYUT 1intermediate translator",
produciny formail interneaiate uJuery strings trom natural language
ayeries. 70 complete a guerv tacillity, we need a way of mapping
an i1nterreciate query into actual reterences to a target data
base, ne rossibility ts to translate it {nto a data access
lanquaae alrealy nefinean tor tne tarqget nase, but this {is not
always feasirle; a data access lanauage may not always exist or
it may rot be anle to supcort tne capdoilities that we would want
for natural lanauage access, or it may be tco hard to map into,
requirina the equivalent of neing aple to generate programs

automaticallv.

frhe aprroach cuarrently taxkxen by AQT is to access a target
data pase njrectly, assumning that it is organized {nto records or
some sirilar data construct and that there exists a procedure for
gqettina trese records from tne oata base. The AQT target data
pase translator maps an interrpdiate dguerv into a data access
seguence of references té varticular fields In particular
records., 1he nata access sequence is aoplied 1in searching a
target cata pase to retrieve recoras matéhlnq specified

conajitions, an.at then selected tields ot these records are printed

in respronse to tne original query,

ot
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Like tre |{ntermeaidte translator, tnhe tarjet data bpase
translator can bne oraganized 4s & tanle~driven scheme, It is a
somnewhat mncre difficult oroblem in that tnere are fewer
estarlished tecnhniaues to draw ugon, but trom any practical
standpoint, it is unavoidaple., Tne 1ssye here is not only thAat
of makirq {t easier to erin< ur a2 query tacility on difterent
tarqget datae rases, cut Also tnhat of accommoacatina tine almost
inevitarle arowsth 2f 4 taraget data nase shen it {s Jdiscovered to

contain useful infornation accessirle in a convenient way.,.

The pasic taonles {nvolvea ir taracet aatsd prase translation
gefine a correspondence between tlelds w#itnin a relational
hierarcny ana fields of target data opase records ano between
tunctional reoenaence of tields in the hierarchy and data
linkages implemented in tne tdarjet data nase, we cannot actually
descrire all possinle coarresponcences of this sort because the
ways of oroanizing a target data base Aare intinite: out we can
accommodate tne 1ast common Kinds of target data fields ana
linkages while allowino tor the inclusinon in a system of special
procedures to nanrdle tne exotic cases, Section 4 and S5 go into

this Iin more detail.
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trandlire rartural Landuaqde vueries

3.1 Eklererts ot A cuerv lanqguage

»e nave to nme more specific here anout what we mean by a
natural jarucuwaije, for the «ord "natural” in the past has been
appliec in & tewsildering varietv ot senses, For example, COB0L
is sonetimes callea natural vecause 1{t employs English words

extensively, kel (10} bpecause it alloas users to extend a

langyage, SkHiLd [14]) becsuse it can make intelliasent interences,

and most systems tynmicAally bpecAuse tnev accept input with a
svyntax rasec ©on tne structuyre of sentences in a language like
Fnalish, I the extreme case, naturalness could conceivacly be
stretches to encompass  anything not artiticial, not associated

witn mechires,

Ir AyT, paturalness has a restricted sense, largely bpecause
se are srecifically Aaddressing the problem of data base access.

~itn Ary ociven data rase, the Kinds of responses that can pbe made
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to a query are actually quite limited: answering ves or no to
the existence of data items, giving counts of items, printing out
some combination of fleldas from selected target ddta base
records, printing oyt documentation apout the aata base 1itself,
prompting the user where a decision cannot be miae automatically,
and displayiny diagnostic information about the course ot
processina a rnuery, The oroblem of natural language here
therefore reduces to the question of hos to let a person elicit

such responses in a natural way.

From a practical standpoint, we can assume that a user of a
query facilicy will generally want responses that vyield
information from a data base, This means that aqueries can be
expected to refer to the structure and content of a data base as v
perceived by tne user., Relational nierarchies are introduced

here in an attempt to model 3 typical user’s perception ot data

B, | W

bases and therefore provide a way of <classitying tne possiole
reterential constituents of queries, which 1in our case would

include relations, field names, anag literal values.

To make the scheme here as transpdarent as possible to the
user, we do not reaguire the user to be aware ot referring to a
relational hierarchy, and we do not ot course oput any restriction
on hov such (implicit) references to a hierarchy are combined in

a query., we will assume only that aueries will pe sucnh that they
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are |{nteiliainle at least to the user entering them and that, in
the absence of any osther conventions for communication, the user

will yse sometning resembling £nglish syntax.

Our approach to the analysis of queries will first be to
identity inoividual words in a Qguery 1in terms of semantic
significance in a relational nierarchy: relation, fleld name, !
literal valuve, and so fortn; this will be done through a
dictiorary of query language vocabulary, Then we will attempt to '
associate literal values witn appropriate ¢field names, fleld
names «ith relations, and relations with other relations
according to their hierarchical ordering; this #will be done
through a orammar of expected patterns of words wi;h various
kinds of semantic significance. The result of all this will be ?

an intermeciate guery to he passed on for further processing,

s,

To define a query language, we first of all need a grammar
to specify the various basic constituents of the language and how
these combine to form larger constituents up to the level of

; . sentences. In AQT, a arammar .consists of context=free rules (see
(1)) of the form Xx=>Y 4, stating that adjacent Y- and

Z=constituents together can become an X-constituent regardless of i

WY

eI
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context, ang X=>Z, stating that a Z-constituent {s also an
X=constituent reJaraless ot context, More complex rules of
grammar than tnils are wusually employed 1in natural language
applications since context~free rules cannot fully aescribe tne
syntax ot these languaqges, but for AQT, such rules - simplify
qreatly the problem of parsing Aqueries and with 3 few simple

extensions can pe quite adeauate for nuery language descriotion.

A serfious descriptive shortcoming of context-free arammars
is in the number ot rules needed to deal with any nontrivial
aspect 0ot natural lanagvage, A simple example nere {s the case of
noun phrases and determiners like "a" and "the." when a noun
phrase already starts witn a aeterminer, there are syntactic
consequences like rulinag out another determiner in front and so
the noun phrase odght to oe marked, This can be done by having a
new constituent type DNP for determined noun bnrases as opposed
to just MP? bput this also leads to a problem because DNP in many
situations s still equivalent to wP, forcing us to duplicate
many rules of grammar that replace #“P aith DnpP, The nroblem
worsens with more dimensions for marking a constituent type,

because the numper of extra rules needed grows exponentially.

Fortunately, there are ways around the aojfficulty nere, and
in fact grarmars in AQT employ several of them to provide as much

flexibility as possible in language specitication., A simole, out

A BES e e o
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powertul enhancement to context~free rules is to allow syntactic
teatures to te attached to a constituent type X as a qualifier,
written as X(F,G,eee,n] wnere F,G,...K are features, On the
riaoht side of A rule of grammar, features specify conditions on
subconstituents that must hold tor the rule to be applicable; on
the left, the fedtures are those that are to he turned on upon
gettina a nrew constituent througn a rule, The attachment of
teatures to syntactic categories allows a single rule of grammar
to stand for an entire family of ordinary context~free rules;
this xind ot extension turns out to be along the lines of van
wijngaarden qrammars, which have oeen shown to pe adequate for

adescririna any lanquage recognizable by an aytomaton [13).

Another enhancement, in sense even more powerful, is
incorporated in tne semantics for a grammar, In AQT, the
semantics of a rule of grammar is defined by a procedure attached
to the rule, as done in tne syntax=driven translation of computer
programming lanjuages (11, The particular scheme in AQT, derived
from the LInGOL system (9}, allows semantic procedures to
communicate through snared variaoles,. The effect of this |{is
about the same as for syntactic features in that a procedure for
a rule can execute code conditionally on these varlables and
therefore nrake the rule eanivalent to a ftamily ot rules with
aifferent semantics, A broader discussion of semantic procedures

for rules of grammar comes in Section 13,2,
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The AQT aneproach is flexinle enovugn to let users define
their own query l4nquages from scratch by supplying grammars and
dictionaries. 1In practice, nosever, tnis involves a great deal
of work, much of it Auvplicated in ditferent lanauage since in AQT
they all will first be translated 1into a tixed intermediate
languaqge, Jt is therefore reasonasple and nelpful for a query
tacilitvy to include a pasic query languace grammar at least,

somethina trat could be elAaporated on {f necessary.

The basic AQT query landuaqe is a subset of English
revolving rmajnly around nouns ana noun modifiers, aiven our focus
on data bases about thinas rather than events or processes,
verbs occur 1in the lanquage, nhut play a falirly minor cole since
they seldom will map into anytnina soecific in a relational
hierarchy. Daission ot verbs in a query is in tact allowed bv

AQT so as to reduce tne work necessdary in enterina a query.

The basic AOT gquery lanijuage gramwmar mostly deals with words
denoting relations, fields, and literal values in a relational
hierarchy and now they cvombine ~ithin noun pvhrases, Tne purpose
of the granmar was not to be exhaustive, but rather to oroviae a
simple, practical scheme adequate for what miant reasonably be

expected ir the actual guerying ot data bases., The scheme

-
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essentially notes ¢that, in a noun phrase, value references
associate with field svecitications and field specifications with

relations, eventually amounting to a clause in an (intermediate

Y.

querye. Tre systax for tnhis kind of association in English is

3 aquite varteo,

relation tield value
" relation "aircraftt wina" "aircratt name"” "wing swept” R
fielqa "length dimension" cew "type X" !
value "fignter ajircraft" "124 feet long" co= ]

Tnis suagests that a basic query language grammar should be
something simple like tnis:

SEECIFICATION=>VALUE

SPECTIFICATINN=>FIFLD
SFECIFICATION=>FTELD VALUE
SPECIFICATINN=>VALIE FLELD

RELATIO w=PATH=>SPECIFICATION KELATION=PATH
KELAT1W=PATH=>RELATION=PATH SPECIFICATION
KELATIOU=PATH=DRELATIU
RELATION=PATH=>KELATION RELATION=PATH
QUFRY=>RELATIUN=PATH

OUEKY=>RFLATION=PATH QUERY

PEES

This of course would have toc be filled out 1In considerably

Y
H
Y.
"

more detail., fhe grammar still needs to deal with such problems
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as determiners, guantligiers, question worqd like "w#hat,"
negatives, vero phrases, prepositional mnrases, and so torth, as
well as clarifyina the semantic criteria for the applicanility ot
the above rules. [I'he pasic scneme, nowever, will remain tne same
vecause of the fact that we «~ill 4lways be mapping queries into a

relatioral hierarchv.

In 201, & word is put into a guery languadge vocCabulary oy
assigning a syntactic cateagory ond 3 semantic procedure., Basic
syntax werds like "the” will ne aqefined within tne aAY9T basic
qrammar, but vocanulary specific to a target data pase will have
to be definred separately. The syntactic cateqories tor this are
as follows:

FELNM A noun identityina a relation, e.qa.,
*afrcraft.” This h4as syntactic tea~-
ture mODE wnarking possinle use as
past moditier of a field expression,

VERBI[RELW] A relation expressed as a vero, with
mandatory syntactic teatures, e.%.,

"fly‘"

ADJ A relation expressed as an adjective,
e,3,, "bia,"

FLDM A noun consituent ot a tield name,
which may incjude more than one word,
€.3., "name," This has three vossible

syntactic feAatures:
HeAD = can be head word of noun
phrase,
3 MUDF = usually used as a modifier
¢ of head words.
: GENK

usually requires a modi=-
tier, imnlies HEAD,
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; FLLV A tieid name expressed as a verb, e,.J.,

"'»\’quh."

FLEA A field nane expressed as an adjective,
€eTe,y "wide,"

TYkE A neneral classifier in a field name
that Aoes not help to identify any re=

{ lation, e.3.,, "distance.,”

Tyek [GZUR) A 7Teneral classifier {n a tield name p
contrioutinag no intormation at all by
itself, e.q.,, "system," The syntactic ’
flad is mandatorv.

FREY A word used in many different contexts
to distinguish difterent field names,
e.%., "service." The syntactic fea- :
ture nEAP marks possible occurrence as
head word of noun pnrase,
A literal denoting a value tor a field,
€e.%., "MIu=25." T[his has two possitle
syntactic teatures:
HEAD = can be head word of noun
phrase,
A0ONF = ysually used as a modifier
of head words,
Wunoers neea not be defined as literals;
they are automatically recognized as
category nU4,

-
wn
-2
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A user w+ill not have to be aware of tne syntactic category of any

rord Iir a aquery. Detining words by syntactic category will pe

i
H
1

the job of the verson who sets up a relational hierarchy and the
translation tanles associatea with 1it, This person in turn,
nowever, needs to Know only the cateqgories listed here, not all

the various categories required for a Query language grammar.

3.2 A rarsina scheme

ALT infut guery processina is orgsanized around a general

ik i ilislin el Wl i ) e v il
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syntax=driven nparsing algoritnm for context=free languages (4],
further augmented to Accept syntactic and semantic restrictions
on tne applicanriiity ot rules of grammar in a agiven situation, ?

This approach kKeeps the relative simplicity of a4 context=free
scheme without being forced to recogonize only context=free
langquages. In fact, the possiole restrictions on rules approach

in vower that of van wljnagaaraen gramrmars,

The context~free part of tne AQT parser s taken directly
from the LINGOL system of Vaugnan Pratt (91. It is essentially a
bottom=up (Cocke=Kasami=Younger) algorithm combined with a
simulation of a topdown (Earley) alygorithm to qet tne best
features of both. It is driven by a 3Jrammar witnh syntax rules of
the form X=>Z or X=>Y Z; the procedure is as follows:

Assure a sentence consisting of morohemes at positions

0 through L, Let (X,1i,]] denote a onrase of type X

comprising morohemes at positions i throuah j.

Begin at position 0 with the g0al of S, the sentence

start symbol for a grammar,

Let n pe the current position. Generate phrases {(Z,n,nl

such that Z 1s 4 nossible part ot speecn for the

morpheme at position n and sucn that A nhrase of type

Z {s compatible witn a goal at position n.

Now qget consequences of all newly generated phrases

[2,k,n) for current positionn n as follows:

e

§
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0o For each rule X=>Y Z
It a ohrase (Y,m,k=1]) has already been generated
and X is consistent with a goal at position m,
generate a new phrase (X,m,nr}
0 For eacn rule X=>Z
It X is Inconsistent #ith & Joal at position k,
aenerate a ne«s nnrase [X,k,n)
¢ Fkor eacn ruale X=>7 «
If X is consistent with a goal at position k,
establish » as a g9o0al at position (n+l).
/
Continue the above until all newi& generated phrases ending
at position n have been processed, Then advance to position

(n+l) ancd repeat until the end of the sentence.

The consistency checks atove are not necessary for
correctness, but iaprove efficiency by assuring that no phrase {s
generated unless it would have been for a top-down as well as a
bottom=up algorithm, A pnrase of type X {s consistent with goal
w if an Xeprrase can ever be a leftmost subconstituent of a
we=phrase. The consistency relation can be established when a

grammar 1s defined and stored as a Roolean matrix.

The rarsing scheme defined so tar .is sufficient for any

context«free 1lAanqguage, but tor natural lanquage, it is rather

e e * L ncia = "t
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clumsy, It 1ls inconvenient for hanalina grammatical relations
like agreerent and tends to renquire a proliferation of production
rules for descrining qrammaticdal features in 3 lanjuage, 1like
English, To make the scheme more workable for natural language,
three restrictions ¢an be adoed to tne basic bottom=up parsing

algorithm,

Syntactic Features Tnese nave already bpeen descriped {n
Section 3.1.1, we can easily incornorate tnem into the AQT
parsina alooritnm hy simply testing tor the aoplicanjility of a
rule for aiven subconstituents before oproceedinsg. In a van
wijngaarden grammar, syntactic types and syntactic features would
correspond to “"proto=notions" a4and rules of arammar to "nyper
rules®”, In etfect, a rule of arammar is extended to bpecome a
family ot relatea rules, ' Aallowina contextual 1linquistic

dependence to expressed compactly,

Semantic Features

Serantic conditions for the applicability of a rule of
grammar for natural lanaquade will tend to be less strict than
syntactic conditions. we often wdnt to arade the semantic
acceptarility of different rules 1in a given situation without
necesgsarily having to reject any of them out of hand, To

accamplish this, it is helptul for onrases to e Aassociated with
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sets ot senantic features, similar to syntactic featvres but o
maintainea in an altogether aitferent way., Wwe will allow special

k clauses to ke attached to A rule of arammar; each clause will N

specify A conaition on semantic teatures of phrases for the right
b side of th the rule and, it the condition holds, will also
! specity serantic features to be assigned to the new phrase } ;
generated tor tne left ot tne rule plus a semantic rating of the
new ptrrase, this mechanisr is hnhelpful 1in choosing between

dalternate interpretations in cases of a single rule of grammar

doina doupnle dutv,

Exterrallv Letined Attrivputes

Tre LING(CY system uses L1SP local variables to implement the
manipulatior of attripbutes In &Knuth’s scheme of semantics for
context=tree lanauages (7). These local variables are defined in

semantic proceiures Aassociatec «itn individual phrases, which are

executecd at the conclusion of a parse to verify tnat {t also

semantically acceptable, «itn local variables having a scope of |
definition over a ylven phrdase and 2ll of 1its subconstituents,
semantic procedures can communicate with each other regardless of ﬂ
tre syntactic inaependence of their respective ophrases., AQT
¢ takes a parallel a4oproach «ith semantic procedures and local
& variables; it Aallows tor variavles to be declared, set, and

tested within procedures and for & procedure to reject a parse it
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specifiea conditions are not met, [fhis Arrangement nrovides AQT
with most ot its parsing power peyond that of tne basic bottomeup

scheme driven ny contextefree granwadrs.

All three Of these restriction secnanisms are giite Jeneral,

il bt ...

not at all 1limited to natural language abplications, nur

particular interest in natur4al l4angiage suygests that we mignt go

s

even further in tne developuent of the parser. This #ill make it ]

less appropriate for certain classes ot context~free lanauaqges,
but #1111 help 1t to be more etficient for lanquades like English,

a prime consideration when working with miniconputers.

The rain ennancement ot tne parser deals with
rignte-recursive rules of arammar, {important because natural
languaage (except for tnhe sinale case of Japanese) tavor rignt
recursion, Tne oparsing alaoritnm as described so tar would
establisnh identical aowals for each nft the phrases of identical
syntactic type in a righterecursive nesting, resuiting in many
extra phrases peinqg parsed., we Kknow, nhowever, that only the
outermost phrase in a right recu:rsive nestiny need ne considered
in a4 natural lanquage, Tne parser tnerefore includes code to

recognize this special case,

Ap erhancement is included also tor one particuldar xkind of

lett=recursive rule {nvolvini an {nflectional suaftfix, The

+
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stermmer automatically renoves sucn a sutfix as a distinct
morpnene to of dat nack later by a lett=recursive rule of
Jramnar, 1he resalt ot this with a lett=to-right parsing
aluoritnm as in AQL is that all the new phrases generated as

conseguence ot the rout of a «~0rad nmust oe regenerated ¢or the

grarmatical comkbiration ot the root plus a suftfix. This specilal
case is easily recounized, ana oy Judicious relaneling of

enrases, all regeneration can be eliminated,

Trese two special cases tor recursive rules ot Jrammar and
the tnhree rnecinanisns for restriction described above show the
main tnircs to note in order to get a proad idea of how the AQT

Darser «O0rkKs.

i 3,3 Text ecitor semantics for rewriting

vnecause tne oarser {n AQT has to translate a natural
languacre input gquery string into an intermediate query string,
the semantic procedures for rules of grammar in AQT need a
general apbility to mnanipulate strings. As a result, semantic
procedures in AT are defined in terms ot text editing primitives
alona with pasic oroarasming gontrol structures., The primitives

reter to two types of data objects: ouffers in wnich strings are

operated upoh, Aand varianles storing a single c¢haracter, a
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polnter to & string in a dictionary, or a nointer to a list of

string pointers.

Every constituent ot a Jquery d4s derived 1{in nparsing |is
associated witih a semantic nrocedure through the ryle ot arammar
descririno the constituent, Fkxecution ot procedures in top=dosn,
Wwith the procedure ter the constituent corresponding to an entire
query runninrg €tirst. ‘vhis proceoure will 1{n 2eneral ca&all the
procedures for {ts {nneciate subconstituents and tney in turn
theirs, aoing on down to single words with procedyres that can

only insert strings into a4 hutter or set variaoles.

Prior to any execution, tnere {s only a sinale enpty bufter,

with no variables detined, A semintic nrocedure can append to

* the current contents ot A bufter or svlit ott 4 new enpty bputfer
and transter processing to it tennorarily:; along the way,
variaprles can onre declared, set, ant1 tested, Iransterring

processing to a new Dbuffer masks Aall rprevious bufters, and
declaring a variaole masks nrevious variarles ot the same name,
Butfers and variapbles are accessivle to all procedyres, but must
pe deallocated uypon return trom the proacedure creatina them,
restoring access to previous bytters and variavles. itpon
conclusion of 31l execution ot all executinn, there s agdin a4

single putter with no vartanles defined, but the hutfer now will

contain an output strina,
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Kere is an exanple of some semantic nrocedures in AQT: _
(lires preceded by ";" are comments) r

rule AP=>LLEMENT nP .

;START oEw CLAUSE 5
LI IEFEED

OXECYTE FOR "ELEMEANT”
LEFT=PRUCEDURFE=CALL
FEXRCUTE Faw "wp®
K1GMT=PROCEDURE=CALL s
KETJR" ‘L

Tule NPe>EFARNT
sSTAKT new CLAUSE
L OEFERD
3 XECITE FUR "ELEAEATY
LEFT=PROCELVURE~CALL
R CURW

rule EL«4ET=>SPECIFICATION
;uECLARE VARIARLES
VAR a9
ViR &R
$CHECK DEPENDENCE OF "ELEMENT®
IF DEPEND=T
Geel 30 RELw
ELSE
CLEAR ®0
END
$IVE TO NEW BUFFER
SPLIT=hUFKRER
JEXFCUTE FOR "SPECIFICATION® 1IN NEW RUFFER
LEFT=PROCELURE~CALL
PRETURAN T PREVIOUS BJUFFER
+ACK
JGET KELAT1VE PATH FUR SPECIFICATION
3T+ RELATION HIERARCHY
DIFFFR dQ 4R
;A0D CONTENTS OF NEW BUFFER
FERGE
s SAVE CURREMT RELATION
PUT AR KELW
SDEPEGDENCE FROM NUw ON
ST LRPEND=T
K (kN

rvle SPECIFICATINN=>LIT FLDN
JUECLARE VARIABLES
VAR @y
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VAR *§

VAR &

VAR #*y

sEXwCUTE FAR FLON FIRST
KIGHT=PRUCEDIRE=CALL

$SAVE RESIHLTS

PUT @R TP

PUT *F FIELD

sAeCUleE FOR LIT
LEFT=PROCENURE=CALIL

JCHECKN CNMPATIAILITY UF KELATINONS
Gl 40 TEvp

SA 1 Ay ak

$(PAILS IF 93T SA4E)

APPEL [

JIVSERT FLELD wAMr

GET ¥k FIELD

JUIN *¥F kg

F(FATILS LF FIELDS wOT SAxE)
APPEND=

sINSERT LITHRAL

JITw ¥V

s SYHTAX FUP CLAUJUSE

APPY LD ]

150 THAT QP HAS URIGINAL VALUE
GEL ¥R TEMP

FETUR

aictinnary entry "ROLE" FiLDA

sRELATIGN A3 PATH 1 HILRARCHY
Si3SEQ ®R AIRCRAFT

sEFIWLD nAHiE

FNE~T *¥ "RULE

FETURR

dictionary entry "INTERCEPTOR" LIT
SRELATIONM AS PATH It HIEWARCHY
SUNXSEY AR ATRCRAFT
SFIELD waAME
POINT *F RULE
sVALUE 14 FORM OF A STRING PATTERN T MATCH
POINT ¥V aa 1 /R
RETHURN

The procedures here are simplified from thnse in an actual

query’ facility, but {llustrate essentially what is involved in
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producine an intermediate query from an input guery. The
procedures adassociates with a basic aquery language grammar in
general will work entirely with pointers relations, fields, or
values, whicih will be set hy proceaures for dictionary entries,
In tnis way, the same qgramnmar <cd4n oe used with different
oictionaries; all tnat 1is necessary is for a dictionary to know
what varjarles to pass information through. 1In the case of AQT,
only three variaoles «ill bpe of concern: &R for a relational
path, *F for a field, and #V for a literal value, The procedures
tor settirc these variables will be simple enough to be generated
automatically from {nput lists describping associations between

literal values 4nd fields and between fields and relations,

3.4 wrecocrizingy dependence hetween parts of 3 gquery

The +#¢T intermediate translator incorporates special
features for .ealing with linauistic dependence in a query. The
most simple kind that nas to de considered {s the implicit 1local
gependence retveen two suhconstituents coming together to form a
sinqgle new constituent; 1in the intermediate form o0f a query,
this has to »e mapned into an explicit dependence path {n a
relational hierarchy that connects different fields, Several
semantic rrimitives in AOT nhelp to tacilitate this: one allows a

path trom the top of a hierarchy down to a given relation to be
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expressed &8s a list of pointers as relation name strinis
(SUBSEV); one conpares a list of strina pointers «ith anotner
and puts at tne start of an intermediate query clause tne pAath
sequence of tre first wnere it diverjes from the second (LIFFER);
and one comp4ares (Cwo downwara patns and fails {f tney differ, f,

thus rejecting the current parse (SA«k),

The deperdent relational vaths generated oy these orimitives
will by design not oe unampbiquous in themselves hecause they will
be relative patns reauiring a context of interpretation, This
ambiguity, bowever, turns out to be useful where a field name may
be detined ir several ditferent reidtions; instead of listing
all of the casas and trying to figure oyt whicnh is the riant one 3,
in the intermediate translator, we enter an amniztuous patn and
rely opr intermediate 1uery resolution in the tarjet data base
translator to cnoose the onroper interpretation in the current
context. 1his kind af Dpostponement {s convenient hecause the
intermeoiate translator, havina semantic orocedures %u2ilt around
string maripulation, 1is poorly equioped to make a correct
decision, The approach nere alloss the {ntermedjiate translator
to remair tairly siwole wnile not corplicating intermeaiate query

resolution all that much.

Another processing strateay dlona these lines is used in AQT

tor more gqlonal sorts of qepenaence {in asoects of lanauage like
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pronoun reference, 4definite noun phrases, and some xinds of
traqgmentary queries. -These Kinds of langjuage usage must be taken
care of in the intarmeciate translator at least to the extent of
reaucing treir into terms expressible within the AQT intermediate
language, 1hre limitec semantic processing in the intermediate 1
translator rrevents doina a great deal, but it {s possible to
accomplish screthina nontrivial and tnus simplify the problems of
processina further down the 1line {n the target data base
translator, Tnis is in fact 4an advantage of 4 multiepass é

translatior strategy.

To harcle 1loril linauistic dependence in AQT, 3 number of
special Jlooal varianles are oefined. Tnese are 1like the
orainary varianles declared in semantic procedures in that they
would rolc same sorts of {information, but tney are defined
outside any semantic procedure and {n fact outside the
intermeaiate translator 1itself since they must be saved between
queries, 1re ualonal variables kXeep track of the last relation
and trhe Jlast field referenced (RELM and FIELD resnectively) as
well as ot the relational focus of a gquery as derived from syntax
ana ot the kinds of references to counts, Global variables are

accessitle onlv through the prinitives GET and PUT,

The usaae of 3Iloba) varianles is straightforward., In the

case ot a pronoun or an information request like "now many?"
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where no relational intormation 1Is agiven, tnis is simply tilled
out fron the Aaoprronriate 4Jlobal variavples and processing
continues ss refore, There is no 4attempt ¢to resolve glooal
dependence irn tne sense ot actually findinag referents, tnoudgh,
This is left uo to suvsequent pdasses in the tarlet «data base

translator,

3.5 Support farilities

The ACT front=ena lanquaJge processor has several built-in
teatures that simolify tne task nf 2efining 3 juery languaqge for
a user.

0 Irflectional stemmer
words in a3 guery language vocdahulary Tay often appear
with «s, =ed, and =ing inflectional sutfixes, AOT
incluies a procedure tnat aufomatically removes
such suffixes; it recoanizes over 5060 different
cases ot word endings, siubstdantiallv more
than similar procedures nn most natural languaqe
systems, Inis means tnat only root forms of regular
neuns and verbs have to he enterea in a dictionary.
o Uncetined literals
Query words undetined jin a dictionary can still ne

processed, Tnis is heluvful when a taraet dJata tield

danad, .

idieoia
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cAP take 4 larqe nuthber of none~nureric values; AQT
autoratically takes care of undetined words
ccrresponding to data field values when the field is
exrlicit, and other cases ¢can be nhandled with the
adoition ot rules of grammar tor the U~KNOWN syntactic
ceteagory. b

o ftrina patterns
ACT hAas A wuilt=in string pattern matcher that allows
for concise i1intermediate languarje definitions of words
cerresoonding to target data fields or values. This is
cepable of matcning 1nitial substrings, empedded optional
sukstrincs, 4angy A comnination of alternate string :
3 varterns, It is esvecially nelptul for complex

nultivsora tield names or literal values that may appear

in many different ways,. !

Trese kinis of features support a data opase manager in
setting ur a Iuery facility. Tnis process is unseen oy the data
pase user, rut it is nevertneless important in determining the
ultimate usetulness ot the query facility. The avbility for a
gdata base manajer to change or to add to a gquery language with a
ainimur ot etfort nhelps areatly 1in tailoring a facility to a

particular set of users Jand in extendina the tacility when ({ts

applicatiors arow, Althouah this is not as convenient as in some
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| I

systems where users themselves can mold a query language, {t : ,

I should work out much the same anyway, assuming that query (

: ! 3

: language will eventually stabilize, 1
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SECTIUN 4

Tarcet ata H4ase Access

4.1 Data access seqguences

Ap ipput juery translated into intermediate form refers to a
relational hierarchy serving as a loJical model for a target data
nase, At this point, there are many ways to map the {ntermediate
query references intoc an access sequence for the target data
base; rut for nportability, 1t is convenient to adopt a
tavle~oriven scheme along the lines of the AQT parser for input
querjes, The necessary tables for this can be made external to
the actual cojde for a query facllity, Keeping the code

independent of any particular data base,

A correspondence between logical fields {n a relational
hierarchy and actual fields in records of a target data base is
easy to establish in a table. There is, nowever, a problem {n
maprina over the Kkinds of dependencies defined between the

dittferent fields of a relatinsral hierarchy: for example, the

PR,

Y 3
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connection retsefen a3 key tield ano a nonekey field at different
tevels along a oAath ot relational hilerarcny. 3ecayse the
corresponding tields {n tne taraet data pase mday not be in the
same recora or even in two directly linked records, the
generation of a4 ddta Access sequence with tne riant dependence

.
requires a8 little work,

The pasis for access seauence 1eneration comes from two
opservations doout necessary correspondences petween relational
hierarchies anu target data bases, first, it twn fielas are |in
the same relation, then tne tarqet data fields must he on tne
same record or on two records connected ny a chain of one~to-one
links. Second, if two fielnds are in hierarcnica3liy adiacent
relations, trhen either the corresoonoing taraget data tlelds are
either in the save record or one is connected to tne other by a
chain of one-to=one or one~to=many links, This all comes out of
having set up relational hierarchies so tnat non-«<ey tielas are

tunctionally denendent on Key fields ot the same level or above.

4 Relatioral fields that occur along the same downward path in
a hierarchy are dependent, And so tnere should ne a4 sejuence of
trivial, one=to-one, and one-to~many links connectinjy the taraet
data recoros 4sith the corresponaina fields. To derive such a
sequence, we will beain by interpreting the direct record 1links

of a taraet 4data base in terms of A relational hierarchy. Tnat

L v
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is, #e w)ll think nt tnese links not only a4s connections between
ditferent recordi types, but also as implicit {ntra-relational and
interrelatioral connections; 4 link ~ill be treated as a way of
movina troem one c¢cnordinsate of (relation, record tyoe) to another

coordinate,

Tnis »111 3l1ll pe part of a 1logical data model completely
exterral teo & taraet -4ata base, we can chanije our interpretation
#ithout charaini tae target data obase. In general, 4 given
direct 1lirkaage mav ne used for moving petween several different
pairs ot (relatrion, record type) coordinates; and of course, we
car dlways croose to disregard certain direct linkages altogetner
#itn a given loalcal rodel, A classification of direct record
linkages tor A relational hierAarcny will pe stored i{n external
intra=relational ana intraerelational 1ink taples read by a Y

target deta rase translator.,

To aveia combinatorial vrovlems, inter=relational links will

re detirea so that tney can always correspond to goina down in a

hierarcty; ena a notion ot sublevel will bpe established for

; intra-relation4l 1links to allow a similar downward restriction
tor tnern as well, This will assure tnat generated sequences will

pe ¢forcea in eftect to move doan paths {n a relational hierarchy

ana evertually nit oottom, Tne relational hierarchy here models

a user’s rercention of access to storend data.

i
|
i
1
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4,2 A 4=pass AcCcCess sCheme

Interpretation of an intermediate qguery string oegins witn

its conversien 1into a resolved internal form, fhis involves

eliminatior of anv amniguity witn relation mames in clauses, the

ph dai ki,

collection of fleld references for the same relations, and in
case of an inftial dependent clause, tne merger of information
from the intermediate query strin3 with the resolved form of tne
previous query. This nrocess has already been descrived in

Section 2.

The procedure tor denerating a data access sequence from a
resolved internediate query 4ill ope to nroceed packwards from
tields in the juery as follows:

o Loox up eacn relational tield specifiea in

the intermnediate query and get the record

tyre assogiated witn it, the location and
slze of the data field in a4 record, and the
type of data stored there, This informnation
can be collected in an external field
correspondence taole Keyed by field name and
relation.

o T1f the record type for A field is directly
accessible in a target data base, such as

through some hashina, indexing or

|
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segiential access methoa, then we are done
tor tnat tteld,

o If a record type is not directly accessible,
tnen 4e needa to get to it via a direct link
tro.n another record tyoe, To get this link
#e first look tor any interrelational link
or, 1€ there {s none, any intra-relational
1ink tor the given (relation, record type)
cnordinate and then continue as above for the ?
ne~ (relation, record tvpe) coordinate. 1f a »
relational hierarchy is set up correctly, then

there snould always be a link when needed,

Aftter applying this procedure for all filelds in an
intermeaiate Juery, tne result 1is a branchini sequence of ?3
Accesses with a structure paralleling the dependence between
tields expressei 1in the intermediate query. Tnhe structure will
not be jdentical to the interrediate auery, however, because a
data relation may encomrass several different data record types
and aitterert relations may bpe defined over the same record
types, It 1is also convenient sometimes to introduce along an
access sequence sone additional logical relations not referenced

in a relational hierarchy.

kach entry in the inter- and intraerelational 1link tables

.

s
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will include an encoding of the actual access linkage to get from
one record tvpe to another; tfor exanple, hashina 4 secondary Key
or following a vpointer or skipping some offset. There is a
potential rroblem of encodainyg here {n that there can e
arpitrarily many tyopes ot linkages {n ngeneral, put since only a
tinite numper are used in any given tarqet dJdata base, our

approach will be to have a few comnon linkaqe types predefined

and allow a user to introduce more exotic types oy linking ({n

special code to handle them,

Retrieval of informatlon with a aata arcess sequence trom an
intermediate gJuery will be throujgh A special search procedure
bpuilt into auery facility, This «1ll use the access sequence to ¥
traverse records of a target data pase makina comparisons of
tields against given auery conaitions and extracting reguested
information where indicated. Tne result of this will be a series
of index lists specifving record instances by type and relation
that happen to match the conditions for an access seqguence,
Retention of rejational identifiers as & distinction 1n index
lists is necessary because record 1{instances listed under
ditferent relational headinas w#will be selected or rejected in

aeneral by different criteria and will call tor different output.

Index lists need to be savea bhecause natural lanquaage

queries may contain pronouns or otner linguistic constructions
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that reter to resulits of A preceding juery. The idea here is {n
effect to tredat a aqenendent querv of this sort simply as a
continuation of the previous query, taking up in the traversal of

a tarqet data base where tne other left off, It turns out tnat

this requires little to be added to the pbasic data search scheme
since aepencence already must be handled within a single query

anywaye.

OQutput can be proijuced for 4 Juery as soon as A complete set
ot matchina records {nstances have bpeen collected for a data
access sequence, In the case of multiple matching instances at a
one=to-many 1link, our aporoacnh will he to collect all of them at
the same tire except for multiplicities at the head of data
access seauences; this happens to be a convenient point to save
partial results for a gquery when space ¢tor 1index 1lists {is
linited, As for the actual format of the output, this comes
naturally out of tnhe definjtion of relational hierarchies; each
downward path in a hierarchy, and consequently the corresponding
data access suoseaguence, can be printea out as a third-normal

form relation,

Sections % and & will describe how the procedures outlined
here have been {mplemented on th AQT demonstration system and
will go into some key problems arising in them, on the whole,

nowever, these oroceaures are fairly straightforward for all they

R
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a0 and can re readily put into FORTRAW, The simplicity ot tne

basic schene is a distinct advantage,

esmecially in comparison to

what otner systems have to 40 in order to {mplement simjilar

capaoilities.

o
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Special Problems

S.1 Generlc secondarv keys, nhull keys

In a target data base, certain values may be stored in
several versions, «with some kind of key distinijuishing the
varjous versions; for example, "hiah count”, "low count", and
"nest count", The Keys are typicdally generic in that they are
not necessarily uniaque to a qgiven cld4ss of values; and there may
or may Dnot be an actual taryet data pase allocation for storing
the actual key., Prooer rescolution of these generic keys reqgulire

knowledge of hos a taraget data bhase is actually set up,

It is advantageous to avoic nhaving to resolve 4generic keys
while parsing, This keeps input query processing independent of
any ‘taraget data base anpplication and also simolifies the parsing
procedure, puring aquery translation 1iIn AQT, generic keys are
Kept around as oracketed cowponents of thelr associated field

names unhtil the aeneration of data access seguences for tne data

e i L o ki et i b ke
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pase. The keys are tnen looked up in a special external table
keyed bny relation to determine how they actually refer to the

target data hrase,

Closely relatea to generic keys are gqualifiers so general in
a 9iver text tnat tnhey carry no information at all; for example, |
"Kussiarn" in a data bnhase ot Soviet aircraft. Tnese null :
aualitiers can be nandlea in a data pase dictionary py assigning y:
tnemn to a special syntactic catezory tnat s skipped over 1in

parsina. “ote that a logical model in selecting a given subset

of a taraet data pase for access mav result in changing an actual

key into null auyalifier,

S.2 MNumerical computation

when getting numerical information f.rom a target data base,
a statistical summarv ot values Is often more convenient than a
straight list of them, Accordingly, comprehensive data pase
access facilities usuAally pbuild in standard statistical functions
like mean, standard deviastion, maximum, afd minimum, In AQT,
such functions are comouted by a special module that does all the ;i
~work of ifaentifyini a function py name, of collecting the values
tor calculation, and of dlsplayihg thre results. The module can

. ve tailored for a particular application witnout affecting the ]
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rest of the code for aquervy translation.

D

The implementation of 8 statistical module is j
straightforward except for a possinle complication with naming,
It is possitle for field of a target data bpase to contain a
statistical function as part of its nane; for example, "maximum
weight" coulad be an actual storei value, In this case, the
target deta rase translator needs to recoqnize that no
computation is necessary, although a3 user need not Know one way

or the other.

The procedure in AOT for nandling function name camponents

of a fleld name jis similar to tne one for handlina qgeneric keys.

To avoid cluttering up the parser witn information apbout a target

data hase, the resolution of the function name is postponed until

the generation of data access sequences when field names nave to
be looked up. If a function name is not found as part of a field

name, the corresponding function will be comnuted,

A general arithmetic capability is part of the 1long range
.plan tor AQT. This could be implemented by special functions
specified in the intermediate query lanauage that emulated the

operation of a desk calculator, uther computational capabilities

oY w

.such-as tor generating grapnical displays, data smootninga, and

deriving robust descriptive statistics in the manner of Tukey
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f11) are also nossible, g

5.3 Arrays

A field in A relational hierarchy may actually correspond to
an array ot values in a target data base, This complicates AQT
data access bhecause it involves anotner level of data extraction
ashen inaividual array elzments as well as an array itself have to
pe manigulated, The problen here is to define a general access

scheme that 1is indepencent of any tarqget data base,

The 201 approach to arrays will in effect be to translate
the multiplicity of array elements in a single record into a
multiplicity of virtual recoras each witn a single scalar array
element valiue. This 1is accomplisned by including an array
element oftset value in the Incex 1lists of record instances
matchino conaitions of a aiven query. The array offset serves to
identify tne particular array element assoclated with a gqiven

virtual record instance.

Althouah this scheme requires linking in special
user=surplied procedures to compute array elements offset values,
overall it s fairly straightforward. The only serious

restrictiorn {s tnat an array fileld value in a relational

5
g

-

i
3
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nierarchy nust ove the only field of somne relation so that an

array offset {s unamblauously a3sociatea witn tnat field; but
this i{s natural since Aarrays typically are named, aiving us a way
to put it 1{ato A relational nierarcny, Having virtual record

instances costs only extra space ir i1ndex lists? no extra (/D is

needed. 1]

5.4 Ellirsis

An  elliptical exvression 1in natuyral lanauaje is an
abnreviatea Kind of linauistic usane that reaquires expansion

ditnin some context vetore it can be understood. For example,

what is the lenatn of the ¥Floaier?

The Foxtat?

where the second anery 1s ellictical and must He understood in

context as "wrat is tre lengtn ot the Foxpat?2" Tnis kind ot usaqge

makes a lanauaje highly efticient, and so natural query lanayage

tacilitjes alnost always maxke some attempt to supbport it throunah

incorporatior of special procedyres.

In the AQf approach, nowever, no sneclidi proceaures are
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required, Fllipsis is nancled entirely throucn existing

Brere. e

mechanisis for resolving retfterence. An elliotical aquery |is

treateo exactly Like 3 nauery containinag an anapnoric expression;

in treir irternedciate forws, an elliptical query is nerqdea with
i
]

tne resolved nrecedinuy auery to orouauce a ne« resolved query. :;

Inis “areatly sinpilfies an AQT query tacilitv, ;-

5.5 ‘Ck* cencition 7

Disjurctive "ur" conditions i1n jueries are implemented two
dgitferert ways 1n ACT, The simpler way is to allow more tnan one
value tc pbe aiven in & tield soecification ot a guery, lettina a
nattern ratcher try each vialue in succession against a target
cata tielc durina a data oase search, Tnis would reauitre only
tre accitien of 4 fes Tules in a4 3Juery lanaouage Jrammar and a
straiantferwar<s extensinn 0f the pattern matcning procedure in

ACT.

“ore acerpral alsjunctive conditions in ayeries, nowever,

must ve expressea over sets of clauses, requiring elaboration of
tne control strucrires in target data bvase translation. The
arproact 1in  A)f nere is to take advantage of procedures already
used tor han4dlinn coreterence, A series of clauses expressing

aitterent "1ik"  conditions are treated in the same way as series
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of depenaent clauses except tnhat a flaj 1is set to allow a
restricteac search on failure to change into an unrestricted

search.

Each set of clauses for single disjunctive condition s
processed separately in taraget data base translation, but witn
display of results put off until all clauses have veen processed,
This 1s only slightly more complicated than the otner procedure

for disjunction, reauirtinag only a few chanaes at the top level of

query nrocessing and the additisk\qi\a brancn in the code for

searchina a target data pase.

5.6 Purgiro a context

In processing a query devendent on a precedinyg query, we
need to start froa tne record instances matched‘by tne nreceding
query, but we nave to be cdareful about which instances we
actually retain. To see why tnis is so, we mignht consider the

tollowing simple relational nierarcny:

AIRCKAFT (nato namej
¢ o CONFIGURATIUN ([type)

where ATRCKAFT to CONFIGURATINN 1is one=to=many, and

intermediate qgueries
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AJRCRAFT(y/n?) [(nato name=floager]
o« CORFICIRATION [type=tactical support]

()

e MIRCHAFT(Y/n?)CUNFIGUKATION [tyne=air superiorityl]

)

In the tirst query, we get a record instance for CONFIGURATION
[type), rut we do not want to restrict our search of
COMFIGHFATIUM Ltvpe) to this instance in the second query, for

then no match will ever bne possible,

The rule nere is tnat record instances correspondiny to a
relation in a hierarcny should bpe purged if there are query
markers alona tne nierarchical path for the relation and if these
are all above it, This is a selective purging distinect from that
involved ir resettina a context upon getting an independent
aquery. It has to be done after results are displayed, but pefore
the resolveo intermediate form of the precedina query {s lost,
The declsion to reset a context in general can come only after
the precedincg intermeajiate auery has heen merged with the new

quUeTVY.

5.7 Conversational postulates agovernina responses
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Althougr «e can always aive 3 data pase user exactly what

was asked for by interpretina queries literalily, tnis may not

actually be what the user wdateq, in ordinary speecn among
people, literalness {s never strictly entorced hecause we can

usually tell when 3 literal resnonse is {nappropriate oecayse we

know what s typically exrected in a given situation; for
example, app-opriate responses to the guestion "Mav 1 4azKk vyour
name, rplease?" include "no" ang "John Smith", but not a simple
"Yes". These kinds of expectations Can Jet extremely complex for
orainary sneech, but iIn the narrov context of interactive data

base access, it is fairly easy to puild some ot them 1into Qquery

interpretation to make it more nospitable to a user,

e

; In AQ1, we can In fact do some things without naving an

elaporate nodel of expectations for a data nase user,

o In ves/no or how=many queries, a user will freaquently
want a full retrieval of intormatioa ratner a simple
straignt answer; tor exauple, in

"Do any fighters carry the ATOLL missiles?"
it is likely that the desianations of the fijnters are
elso #anted. we can {n ‘aeneral tell tor sure «hen a
tull retrieval is called tor, but we can easily enougn

N prompt a user after makina a straight answer. Althouah

! this makes A user aoc a pit more, it saves having to

T - PRI e =

]
{
.
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re-enter a guyery 1f tne full retrieval was wanted,
¢ wren tne nynber of matching record instances in a target ‘;
data pase fails to equal a count specified in a query, 4
it prays to 90 througn a retrieval anywsay S0 as not to
waste work already done, For example, in the query
"Are there two aircratt carrying the ACRID?"

we woula wsant to resprond even if there was only one

Lot

aircraft. 3
¢ {in full retrievals witn wrany matched records, we will

ask tne user w#hetner 31 complete listing is really

aesiraole, A user tvpically «#ill not want voluminous

outrut at a terminal.

Procecurres for ellipsis can also be mentioned here.

Tre rule in A2T here is always to give a user the benefit of
the douht ir. a situatinon, w~one 0f the features apove involve any
theoretical cifficulties, Aand 4ll are easy to implement. They
are imrortant, nowever, in tnat they make a query facility easier
to work with but vet they are an aspect of natural language otten

neglectea in so=called natural lanquage systems,

5.8 (n=lire aata hase documentation
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with natural languaqe, it i1s possible for a user to enter an
intelligitle query witn no references to tields either as search
conditions or as requested intormation; for example, "Tell me
about aircraft.", where Maircraft" 1is a relation name {n a
hierarcry. This query could be processed 1like other types of
query, but tne results would prooably not be wnat the user
wanted: the tarqget data pase interpmreter woula simply go through
the entire datAa base and return all the randatory key tields
above the point in a relational nierarchy marxed by the {input
query. This 1is a arastic kind of information request even for
tairly small data bases, and on the wnhole, it seems reasonable to

allow a user to make such a request only in an explicit way.

On the other hanao, we a0 nOot want (o disreaard a query
without flelds entirely or to print on diagnostic messdge because
the user proktanly entered the auery in 4go0o0d taitn, given that
data opase striacture s assumed to pe transparent. A reasonaole
interpretation of a genera'! query without field references |is
that 4it. s actually a regquest for general information about a
data pase {tself ratner than for 3 comrlete enuneration of the
data base, In tnis way, gyueries ot this type turn out to be a
convenient way to imolement on-line aocumentation for a data base

or at least for a user’s loqgical model of the data base.

Because a query without fielao reterences marks a4 relation,
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It seems arnropriate to resvond w#ith {information about that
particnlaer relation name, For examole, 1in the case of
“ajircraft", we miant print the names of its key tields, names of 1
relations irmrediately neloxs in tne hierarchy and the percentage ;]
of a date base pertaining to aircratt. A message of this sort
ran be storea in an external tile for each relation name of a

hierarchy and retrievedi ihen needed,

e

{
B
(3
e
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A lenonstration System

6.l Purposes

Tre AQT aemonstration system wdas implemented to show that an
effective natural lanauAaqge query facility could be built around
the simple rotion of a relational hierarchy. The basic AQT
algorithms themselves were straightforward enough Sso that ve
could have kept to presenting a case for them on paper, but the
immediate reality of the demonstration system IS much more

compellina, especially for tne potential wusers of a natural

languaae gquerv facility. Altnougn the demonstration system
represents orly a fragment of a full agqguery facility, it shows
. shat can be accomplished even on a relatively small machine like

the DEC PI'F=11/70,

The denonstration system also served as a major development
tool for the aesian of a query facility, we have bullt several N

ditferert versions with extensive instrumentation for experiments '

PR
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with various Asoects of auery translation, Almost all work was
done in FUOPIFAN ~#ith a FLECS vreprocessor so as to approximate
the conditiors unaer wnicn a auery facility could eventually be ;
implenented, Tnis uave us an idea ot the amount of computation ;
involveo in auery translation and the amount of space required ;#

for {t. A OVEC PDP=11770 provea to oe adegquate for an
imrplementation, though caretul orcanization of the demonstration

systemn was requireg for it to run witnin a 1é6-bit address space.

ve¢ rave derjived most o0t the pasic data and control

structures ot A natuyral languaje query facllity through evolution
of the aeronstration system, Here, we shall describe the
denonstraticn system itself as currently implemented and move on
from this to a qdiscussion of now eventyallvy to build a full

prototyre query tacility,

b,2 Baslc structures

There are two cate.nries ot data structures defined in AQT:
internal 1list structures »roduced as intermediate results during
the varjous stajes of guery translation, and external tables

suppliec by A data base administrator to define a logical model b

B

and its correspondence to a tarqget data oase, A description of

these cateuories of data structures fairly well characterizes how

B e e SRR
ditiie, .

1
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ACT works, sirce the algorithms operating on these structures are

relatively straigntforward,

The principal internal data structures of AQT are the (1)

| Y S

the parse tree for an input auery, (2) the resolved intermediate
query expressed also as a tree, (3) the data access sequence for
target data records, (4) the {index lists of record instances
matching corditions of a query, and (5) the lists of target data

tields explicitly or implicitlv requested for output in a aquery.

The parse tree for an input query is a standard type of
phrase=structure description consisting basically of binary
subtrees. The suntrees are bullt up of ohrase nodes ot the
following form:

1 1index of the rule“of grammar generating a ohrase
2 syntactic category of phrase

3 starting position of pnrase is query

4 pointer to left descendant phrase node list

5 point to rianht descendant list, {f any

6 semantic plausibility rating of phrase

7 encoded usage count

8 syntactic features

o

e e P D
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Y semantic features
10, 11 riscellaneocus pointer links
In the deronstration syster, each of tne above node elements is a
single ryte 1long except for tne rule index, wnich {s two bytes
long., A descenadnt node list «111 contain a single node except
in case of awpiquity, when {t «ill more generally contain
aultiple phrase nodes o©of the same syntactic category and
syntactic and semantic features, generated from ditferent rules
of cramrar., Tnis scheme locallizes amniguity as long as possible

in a phrase=-structure Jescriotion of an input query.

The rarse tree aefines an execution seguence for semantic
procedures associated with rules of grammar, The result of this
is an intermediate auery expressed as a string. The intermediate
auery string is first printed at a user terminal as a check;
then it is passed to the target data base translator, where it s
convertea {into a resolved form with all relation names replaced
pv explicit references to a relational hierarchy and all

references to fields of relation collected together.

A resclved intermediate query is a tree of linked nodes
havino the following fnrmat:
1 relation id number

2 ancestor link

3 descendant link

o
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4 sibling link

S count specification

6 encoded query markings
7 pointer to tield list

8 type of link from ancestor

An element of a field list has the format:
1 pointer to tield name

? lenath of field name

3 pointer to value specification

4 Jlenatn of value specification

% 1ink to next element

In a8 FORTRAN implementation, each jtem abpove wodld be an
array of {integers. Roth 1links and - pointers would pe array
indices; null links and pointers would pe a zero value. Fiela
names and value specificatijons will be character strings in a

byte array.

The resolved intermediate form ot the preceding query |{is
used as a context of interpretation shen the current aury is

dependent involving anaphoric reterence or ellipsis. The basic

‘procedure for resolving an intermediate query {s to process a

clause at a time, appending the results to that of oreceding
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clauses, it any; the generalizaction for anaphoric reference or
ellipsis 1s essentiallv to tdaxe the previous query in resolved %
form as the startina point for processing the first clause of a

depenaent query,

Fror 4 resolvea intermediate guery, we next generate a
target data record access sequence, descrining the order i{n which
we will reac in recora instances from a target data pase and make

comparisors acainst cata fields,

bata access sequences are generated as tree structures with
nodes as follows:

1 cdata pase record type

2 relation id numpber

3 arcestor link

T

4 type Of record linkage

[ 5 link field offset in preceding record

E 6 link tield lenjth

é 7 wunits for record data tield
4 ¢ type of record data tield

9 data field offset in record
f 10 data field length

11 count specitication

12 encoded 7uery markings

13 rointer to predicate for data field
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14 pointer to list of watching record instances

15 aescendant ltinkK

16 sibliny link

In tGRIKAG, tnis wnillad oe 4an inteyer array. Links and

pointers would be array inaices, with null vslue of 0,

} AQT uses 4 aata Aaccess sejuence tor the retrieval of record
instances ftrom 4 taradet aata base, Those record instances
matching conditions specified in tne Access sequence are savea on
incex lists, Tnhe nead of an inzsex list nas the following tormat:
§ 1 tarqet data nase record tynpe

2 relation identitier

3 count of matcniny record instances

4 rpointer to first instance

Recora instances are chdined tolether in a list structure

having nodes with tne followina format:

1 recori number for instance
7 polinter to predecessor instance along data access segquence
3 pointer to next instance on index list

4 back pointer to index list nead

5 array element otfset

KPR
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Tre key point to note nere {s tnat separate index lists for
each ditterent relation 1s kept tor 4ny record type., H8Both index
list reacs ar.o index L(i1st noaes are setined as 1integer arrays.
The aenorstration system keepns all inaex lists in main memorys a
protetyre cuery facility woula them out pliecewise onto secondary

storajde for each iteration tnhnroygn a4 Jata access sequence,

tirce »€ rave a fnll set ot nAatchini target data record
instances for A J4tAa ACCess Sequence, we need to extract the
intormation to ne returned in response to 4 query. This {is
descrirea tnrouyin 4 reauired nutput list associated with index
lists accoraira to record type ana relational identitier; the
list is aeraved fron the tield nane references of the original
inout ouelv ana from # tdnle of managatory tields for output
enurteratea by Tecora tvoe plus relational {dentifier. Uutput
list nocdes ulll have the tollowing format:

1 tyte oftset of requested tiela in taruet data record

Z ryte lenath of tielq

3 pointer tn field nawme, if any, in oriainal query
4 lengtn of fiela nanme

S cata tyne of flelqd

6 wovointer to next requirea output list element )

7 pecinter to function, it any, to ve computed on field

. 1his is defineo ASs an integer arrave.
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' Outout s composed starting 4ith a record instance
; corresponding to an endnoint in a daota access sSegquence, we then
| .

tollow pack the chain of predecessor record instances, extracting

required tields alonag the way. Hesults are printed as a row of a

multi-columr tanle, qoing from rigqnt to lett in order ot
extraction, Since followina predecessor 1links corresponds to
j30ing ypwarc in relational nierarchy, this ends up with more ,

general tields avpearina at tne left.

6'2'2

- To orive the 3Juery translation process, «e #ill nave various
tables cescrioing tne syntdx and vocaoulary ot an input query
language and tne structure of the tardet data pase pertinent to a Vo

user, These tavles are implemented As external files on the AT

demonstration systeu for maximum flexinility, but for speed, they
could be linked 4directly witn the code of a gquery tacility.

There are eignht principmal ones altogetner in AQT,

(1) aramnar taole

syntactic rules of the form X=>Y Z are reoresented 4s a oyte

array

“ 3
“ 4
|
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syntactic cateqgory x

teatures ton bLe set on - erating pnrase w«ith rule

syntactic cateqory 2

usace coint

rositive oreconiitions on Y features

arg regative oreconaitions

rositive preconaitions on Z features

and neagative preconditions

and syntactic riales of the torm X => 4 also as a byte array

syntaectic category X

teatures to ne set on generating phrase witn rule

positive preconditions on » teatures

and reqgative preconditions Rules X=>Y 2 are stored

on
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lists accoraini to syntactic category Y., hkules K=>a dre stored

on lists accoraing to syntactic catejory ~, Preconditions apply

to the teatures of phrases beinl compined tnrough a ryle ot

grammar to generate A4 nes ovhrase. Section 2.3 on oarsing

nescribes these matters {n more detall,

(2) dictionary tanle

vocatulary svecific to a taraqget data nase will obe kept in an

external nictionary., An entrv «#{ll1 nave the torm:

1 wore string

2 syntactic catejory of worua

3 syntactic features to be set tor xotd as a phrase

4 special semantic €lags

S special semantic flaas

6 rath in relational hierarchy expressed as string

7 tielda name string, it any

%
z
!

|
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8 literal valuee string, if any A word string will have a
tixed length ot 24 cnaracters, Path, field anag value strings
#ill be varlakle lenatn «itn @ tinal aelimiter, havina combined
length of 132 characters. All other flelds will pe a single

pyte 1lona,

(3) relational mo1el

trhis tarle oescrives the structure of a relational

nierarcrv, the relation names associated with them, and the

detault record tyoe for eacn relation, Taole entries have the

tormat:

1 relation name string

2 detault record type

3 index o0f next relation up in hierarchy

4 multiplicity ot hierarchical linkage A relation name is a

tixed 1lenoth string of 18 cnaracters. The remaining tields are

inteqgers.

(4) tield correspondence table
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This maps 4 field name tor A given relation into an actual
aata fielaoa ot a target aata nase record. #kach tanle entry has

the tormat:

1 field name string

2 relation index

3 tarcet data record type

4 type ot data in field

S otfset of field in target data entry

o/
6 lenotrh of field
A tiela name is a fixeg length striny of 40 characters. All

other flelds are integer values,

(5) generic secondary Kkeys

when a generic key corresponds to an actual target- gdata
value, it is listen in this table under A given relation index.
If not listed, it irust he part of a4 tield name, ‘The format of a

k- table entry is:

FRINEY

e A WS TN IR jepcgn. 74

s,
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1 aeneric key string

2 value string

3 relaticn inuex

4 tarcet

S offset

6 length

Tre key

characters,

ata record type

ot field in taraet record

ot field

and value strings have a fixed length of 112

fhe value string is substituted for the kKey upon a

matcr.. All orther components of an entry are integers.

() relational 1link tanles

The inter=relational anc intra~relational link tables will

have entries of the same forwat:

1 present recora type

2 oresent relation inaex

A T VU
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3 next record type going packwaras

4 next relation index/suyblevel
5 encodiny of linkage type
6 offset of linkage area in nextt record type

7 size of linkage area A potential problem here {s the ]
encoding of linkage types, since there can be arbitrarily many of
these in general. fur aoproach will pe to have certain common
linkage types oredefined in a query facility and to allos a user
to define more exotic types by linking in smecial coae to handle
them, All other components of an entry are integers. Sublevels
are defined only for intra-relational links, takinj the place ot

the next relation index.

(7) record access

A record access table describes how tO gain access to target
data records of a given tyne, Table entries have the following J

format:

1 record access method

o ST L A
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2 size ot record in oytes

3 file nane string

In the denonstration onlv standerd FORTRAN 1/0 {s assumed,
restricting possipnle access methods to sequential or direct
encoded as a sinale ascii cnaracter. A file name {s a 22

character tixed lenath strinag, The record size is an integer

value.

(#) mandatory fields

This table Lists recora Key information that should always
pe orinted to aid a user in interpreting output values., Table

entrles are integer arrays

{1 teraget data record type

2 relation index

3 key tiell1 offset in target record

4 key tield length Mandatory fields apply only to record

type and relation index combinations occurring betore explicitly

requested information in a data access sequence.

B cinmtsiatnituatibiiidi et oot s, i
; T i i v ire < e i
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6,3 Systenm confinuraticn

The Ayl demonstratjon system in its RSX-114 jimplementation

is organized into five passes, each beina a separate overlay,
The processing of any query proceedas sequentially througn all the
passes. The first mass contains tne AQ[l intermediate translator
comprising a syntax=driven Juery pdrser along with a query
language g¢grammar; this reads &8 aquery 1In Enalisn form anag
rewrites it in intermedjate form still as a string, The
intermediate form is printea for insoection, and if approved, {t
is passed onto the largest data base transldtor comorisina the
j remainina four passes. 'Ihese four passes successively carry out
the work ot:
1 converting an intermeadjate query string into a resolved
intermediate Auery with denenaence on preceding

querjies made explicit,

LN

generating a target data base access sequence from the
resolved intermediate query and from various
translation taoles

3 traversing the data bhase access sequence and retrieving

record instances that match conditions-along the

access seguence

4 deriving a format for output and nrinting out tields

requasted trom matcned record instances.

s T
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Each ot tne five passes iIs essentially the execution of a
single princinmal alaorithm, The one tor the first pass ot

parsina ano {ntermedjate translation nas already been described

in detsil in Section 3, Here, we shall go into the algorithms
for tne four passes o% tne tardet ddta pvase translator. Unlike
the very general algoritnm ot tne ¢tirst pass, whicn can be
appliec to a wide varietv of problems, these are specific to AQT
and ir tact constitute trhe neart ot AQT. Most ot the AQT effort

was devoteo to their development,

The algorithr tor resolving intermediate queries 1is quite
simple, consisctina mainly of an fnner loop and an outer lo00pe.

g The overall structure is as follows:

Ster 1 If a query 1is dependent, start from the resolved
intermediate form ot the preceding query;
otherwise, discard the preceding results and
start anew,

; Step 2 et successive clauses of the current query until
an end marx is reached.

Step 2.1 Extract successjive tokens from a clause until

k exhausted,

et L

T e -
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Step 2.1.1 For the case of tne tnken being
1 a relation name, look it up in the relation name
table and try to find a place for it in

the resolved Intermediate query

where orocessing left off last.

1t no place 1s found and we are at the
start ot a dependent clause, 30 up a
level in the resolved intermediate

query and try again, snen a place

is found, allocate 3 nes node if tnere is
none already.

2 a query mark, encode it and store it at tne
current place in the resolved
intermediate qauery

3 a fleld specification, split it up into its field .

name ana its logical condition and store a link
to these at the current place in the resolved
intermediate guery.
4 exit with an error if the anhove fails
Step 3 Apply the criteria of Section 2,2 to
getermine whether to retain target data record

instances from the oreceding query.

e m——— FORR
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The alaoritnm tor access segiuence generation consists of an )

inner ard outer loop witn an iterative supprocedure:

Step 1 Scan the nodes of a resolved intermedlate query in
order of allocation (i.e, strajiant interation with

no attempt at a tree traversal).

P

Step 1,1 lf there are fleld reterences for a node, then do

for each field,

Step 1.1.1 Look up the field name in the field correspondence
table to get tne record type associated with the
name and the current relatfion,

Step 1.1.2 Allocate a new acces seguence node for the field,

Step 1.1.3 Look up the current relation and record type first
in the inter-relation link tavcle, or it this fails,
in the intra-relation link table, Get tne prede=-
cessor record type and relation Aalong an access
sequence,

Step 1.1.4 If there is already an access sequence node with the
same record type and relation as the new node, append

the new node after it w#ith a trivial link. Otnerwise,

1f there is already a node of the predecessor recora

tyre and relation, arpend the new node after it with

the 1link type from tne link table.
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Utherwise, it the new node can start an access
sequence, adqa it to the list of starting nodes.
htherwise, allocate A pregcecessor node, link the
current node to it, and repeat this step with the
rew predecessor node.

Ster 1,12 If there are no fiela references for a relation with
4 querv mark, look up the default record type for {t,
aljccate a node will a null field, and proceed from
1.13 as witn an actual tield.

Step ¢« uptirize the data access sequence so that nodes of the

sAame record type ang relation as a predecessor

node arce listed first as those coming after 1t.

Thne access scauyence aenerated by this procedure is in the form of

a forest of trees,

rhe search and retrieval pass ot AQI has tne most complex of
ajl the alagorithms i{n AQT, The procedure can be broken into two
pleces: a rart for oroceeding down an ac¢cess sequence, and a

part tor bPrackina up along an access sequence on hitting an

endpoirt or exhausting all possivilities for satisfying a
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condition cf an access sequence,

The "down® part is as follows:

Step 1

Step 2

Step 3

Ster 4

Read the next target data recora of the type
specified in the current nhode of an access
seqguence, Go up on tailvure,

If tneir is a tield condition, compare it
agajinst the aata record. (o up on failure.
On a match, allocate a record instance node
it adoing an unrestricted search, not starting
trom i1nstances collected previously.

Go up upon reachina tnhe end of an access
sequence, l(therwise, save the current
record instance ana Jo downh, starting over

at Steo 1,

The *up" oart 1s as follows:

Step 1

Step 1.1

Step 1.2

Step 1.3

1f there is a match for the access sedquence
returned fromn,

Increment the count ot matches for the
current point in tne segquence

If the searcnh is unrestricted, link in the
record instance tor the current place in the
access sequence,

If the record instance {s one of & nultiple
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set, det the next one and go aown,

Ster 1la It there is no match,

Ster 1la,! Purge tne record instance at the current point
in the Aaccess sequence

Ster la,!Z If the record instance is one of a multiple
set, get the next one and go down,

Step 1a,3 Utherwise, set the matcn tlag if any record
instances at all are still matched at tne
current point 1n the access seguence,

Ster 2 3acK up in the access seauence

Ster 3 It coming trom a inatch and there are access
sejuences starting from the current point, go
do4n the next one,

Ster 4 If at the beainning of the access sequence, the

procedure is finished. Otherwise go back to Step 1,

Thris rrecedyre starts at the veginning of an access
sequence, goinq agown, A searcn is restricted if there is already
an index list for a given record type and relation; note that

index 1lists c¢an be saved from a oreceding gquery in the case of

co-reference.

PAGE 6=23
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Tre tecrrmatting 4nd printing algoritnm is as follows:

sStep 1 it this is a 1uery 4itnout svecified tields,
orint out aata oAase aocumentation and guit.
fitrervise, scan the data access sequence to

Step 1,1 et all enaepolints ot 4Aan access sequence,

Step l.¢ et all querv markers and fielas for which 1
outout 1S reqguested, ‘

Ster 1,3 verity that there are matching record instances
tor requesten tields,

Ster 2 If there are no reguested fields and it is not

4 ves/no query, 3uit with an error message,

Step 3 1€ it is @ y2s/no or a now=mrany query, respond
accoraing to matcning record instances and
nrorot tnhe user for full outout if there were
nateches,

Step 3a thersise, tormat and orint full output as
described in Section 4.2 it there were matches.

Strer 4 Delete recordu instances from index lists {f
tney correspond only to points of an access

sequence after a query mark,

6.4 Setting un a aata oAase

10 test AJl, we nut tojgether a Soviet tighter aircratt data




A Demonstration systenm

PAGE ©=25%

pase alona tne 1lines of A possivle jnolementation for an SET
intelligence aonnlication., The cnoice ot subject «as intluenced
by an earlier etfeort to nrinj ur 4 similar data pase on the REL
system, but our pasic approach was alfferent, Ne dellberately
avoided tryina to construct the catad nase to tit 4yl the desian
“as done inaepenaently by 4 Co=as0rker uyntamnriliar w«itn tne

workings ot ACT,

The test 14ta pase currentiy contalns intormation avout 29
Soviet figrters <collected trom open sources into four basic
record types, tor the rost vart, tne information consists of
aircraft attrioudtes such as wina span, fuselage lenqtn, and empty
seignt alono «#itn keys such as service name and NAT(Q name; these
were jimplemented as simnle fields ot a sinale record tvpe Keyea
by aircratt and presentec no major pronlems in query translation,
Other tvres of data had much more co.plex structure, nowever, and

presented a8 mafor challenge,

Maximun soeea versus altitude i1nformation nad veen generated
nypotnetically for aircraft oy tittiny a simple single=-maxinma
approximating curve to the Xnowsn maxinun speed, the altitude At
#hiocn maximumr speed «as attained, 4and the service ceiling. By
taring points at altituaes at sea level Aand up by {increments ot
10,000 teet, we obtained a speed profile of the aircratt as an

- array ot mach numbers., The array w4as fixed with a size of 11
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nurbers, tut nany aAaircraft would ndve tewer actual values, 1In
the test aata vdase, tne array tor an Aircragt was stored {n a
sinagle recoro tvoe linked oy a opointer from tne main aircraft

record type,

Ihe arranent conticurations tor an afrcraftt were 1lists of
the qguanrtities ot weanons that miant oe carried on a mission.
1ne nunper of contigurations coula pe different for each
alrcratt, and so could the number ot types of weapons tor each

contiquraticn., necause vJeapons tended to pe common o several

contiguratiocns ot an alrcratt, tnhe 1ists ot weapons fcr an
aircratt sere meraen {ntot a tree structure tO save space; a
Josnwarc¢ rathk in a tree would represent a sinqgle onfiguration,
free noacesS were anotner record tyvoe, and weapons data were
collectea irto 4 tourtn recora type to avoiad duplicating
intormatior in tne tree; pointers to these records were stored

in tree roces alona with the assoclated counts,

Havinc gotten a target datda base, the next step was to

construct a relational hierarchy to fwodel it logically. The

nierarcty finally sett;ed uponh was:

o ol
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I'he relations nere were cnosen pecayse they are useful 1in
categorizino tne data in the Soviet atireraft data pase, de also
3 : found it corvenient to detine some hidden relations not appearing

ip a hierarchy but occurring in access sequences to establish
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alternate patnhs navina Aifferent manocatory fields €or output:
this 1s 1s used in orinting armament contigurations (see Appendix
k). These l'janen relations, however, are not actually part of a

logical mocel.

Aitr a relational hierarcry as a 1loaical model, we could
lcentify cata iters of interest in tne Soviet aircraft sata base
oy Assionirg fieia naiwes to them and attaching them to
dppropriate relatjons 1n tne logical model, The model itself and
the corresronadence hetween the nodel and tne target data bpase
were estarlisnea oy setting up the various necessary translation
taples (see sppendix d). These takles were written out as files

to ve read L.ack Ayring query translation,

Sreeo versus altitude profiles ang armament configurations
coula not pe handled entirely tnrougn tne translation tables. It
was necessary to insert code tor themn in an AQT special 1linkage
module, which i{s called to handle unusual kinds of data and data
linkages, A procedure for speed versus altitude was supplied to
determine how many valid values there ~ere and to initialize AQT
array element senyencinn accordinaly. A procedure for armament
contiqurations was suoplied to unrave]l contiqurations from their
tree rerresentation anad to write out the lists of weaopons into a

temporary space for sequential searching., #ith these procedures,

the special linkage moaule woula allow access to the first and
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subseguent record instances assoclated with speed data or

armament without having to know npow this was accomplished, .

For the display of information, {t was also necessary to
define certain virtual flelds that do not correspond to any '1
target data, we needed some way to identity individual
configurations, markina where one weapons list ends and another { 9
begins, and some way to show the altitude values implicitly ‘
associlated with speeds. This was done by defining virtual tields '
tor data records, indicated by a negative offset; instead of

being extracted from a target data recora, these fields would be i'
computed by a call to a special moadule containing code for that :

purpose.

In the AQT demonstration system, the special 1linkage and

virtual field modules contain all the code dependent on the
Soviet aircraft test data base., The remainder, comprising over
ninety percent of the program lines for guery translation and
including all the major AQT algorithms, is independent. The idea '
of a portable AQT facility readily adaptable to different daEa
bases, is therefore reasonaple; and in fact the. demonstration
system shows us how# this can be accomplished with a table=driven

scheme,

e
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6.5 Performance

Althouagh tne AVUT demonstration system was not designed to be
a full query facllity, it does allow a user to type in a broad
range of natural lanaduage queries and to Jet correct answers back
from an actudl data ovase, The system is guite easy to use,
especially in comparison to tne data access facilities usually
found on medium=scale processors., (See Appendix A for an example
of an actual query session,) The capapilities of the
demonstration system at present are limited by two tactors: the
size of the arammar driving tne intermediate translator and
uninplementec features in the target data base translator., The
intermeciate iranslator now ruyns witn only about 300 grammatical
rules, while basic logical ang aritpmetlc operations 1line
negation, gquantification, and general comparison of stored
numerical values are unavailable in the demonstration target data

pase translator,.

The full demonstration system in {ts £fu)l FLECS FORTRAN
version cufrentlv nas a total task image size of about 120K bytes
(K = 1624). Tnis 1s overlaid extensively so as to run {in a
maximuyr aodress space O0Of 64K pbytes on the DEC PODP=11/70, The
system now fills up all the available address space while
runninag, but we should be able to reduce this requirement in the

prototype auery facilitv oy taking advantage of an external
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dictionary, reducinj tne amouynt of instrumentation, and toregoing
some of the array checking Aana tracing options during FURTRAU

compilation,

The demonstration has 4 response time of under 10 seconds
for queries directed at the Soviet aircraft dgata pase., Most of
this is in waiting for data pase records to oe read in during the
search and retrieval ophase; the tarjet files ani translation
tables were all stored on an KKUS cartridge, wnich has a fairly
slow access time, Parsing input queriles taxes relatively little
time, almost always under a secona; tnis turns out to be much
less important than delays introduced from tne use ot a remote
terminal with a slo~ comaunicdtions rate, The time required to
read iIin translation taples from AisKk €files 1s also relatively

small, mainly because the tanles themselves are small. I

The main cost factors in running the odemonstration system
are Jits size and its target data pase [/, In a small machine,
the system can take up a significant traction of main memorvy and
conseaquently load down operations, altnouygn the impact of tnis
should pe nc more thAan that of running a larae FUORTRAN compller,
The data bprase 1/0) oroolem #will pe wmucnh more serious, requirina

; careful optimization of pronarasns to avoid unnecessary access to

secondary storage, This 1is, however, as mucn a pronlem of the

3 target data base as of a query taciliity; if the data nase 1s not
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designea to raxe tne regiireu kinas ¢f access etficient, tnen the
query facility sroula not bpe faulted much. Here {t may
ironically te undesiravle to make access to a data base easier

tor users,

Tne cderonstration systenm as wxritten in FORTRAN is apout as
portatle as can pe expectea in using mostly stanaard FORTRAN I/0
and avolaing c4lls to an operating system except for overlaying.
Tne main froovlem 1n portabpility w#ill oe in differences between
dlalects of FLR[RANl, 1ne demonstraiion system employs OPEN and
CLUSE statements ana declarations specifying the sizes of data
items such as IsIGICAL*1; these were necessary to implement the
kinas of data Anioulation recuired. in AQT, but will not exist in
many FDRTFAL cowpilers., Tne situation {s {mproved consideraply
py the FuKIFAY 77 standards, but for full portapility, a system
Would propatbly nave to isolate much of its data manipulation in
intercrargeanle modules. ihe 1issue of how mucn portability to

ajm for will have to nhe addressed in the subsequent development

ot a tull aquery facility.

il v o s a1 et o
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SECTINN 7

Comparison with an S&T bLata vase Commynication Facility

PR

t 7.1 The User Communication System {f
. g ,
'

This section will review the functional design of the FID

User Communication System (uUsercorm), a component of the FID
update program. The purpose ot ¢tnils review {is to i{dentify
features ot the Usercom design tnat differ in approach from those

of AYT, and to indicate possible advantages or disadvantages of

o~

those features,

Since Usercom exists only as a functional design, there have f
been no operational tests to determine the effectiveness of the
approach., For this reason, the tollowing review must pe taken as
suggestive, rather than definjtive, It is intended primnarily to

highlight those Aifferences in design that mignt ald in maxing

s

AQT more responsive to the needs of potential users, and it {s

t
not intended as a critigue of tne Usercom design. ;

)
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7.2 #Fvaluation Criteria

At the reuest of RAJDC, a nuymper of criteria were suggested
tor the evaluation of user jintertace lanquaqges for data base
managerent systems, In someshat moaified torm, the criteria

syggesten were these:

7.2.1 tase ot Ledrning

& primary aavantage of a user interface language should be
the ease with wenich it can be acquired and remeanpered by the
novice or casual user, The time reguired to learn the operation
of a seayence of function xeys should be comparahble to the time
required to learn a natural or artificial language for accessing

the sane data to a comparaple level ot effectiveness.,

Note that some period of training will be required for any
intertace laniuaje, even tnougnh implementors of natural language
systems sonetimes assume that users require no training, since
the lancvege is "natural" to them, Such an assumption could
actually make it more aitficult tor the user to employ such a
system, 4if it includes undocumentea requirements, restrictions,
and idiosyrncracies aosent in human lanjuages, A well=designed

selection ot user-oriented tunction keys could then pe easier to
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use than a "natural® lanauage,

7.2.2 Power

A syster is petter to the degree that it can process more of
the querlies that can ordinarily oe exopected in a specitic
application., Conversely, if tne user finds it 1impossinle to
extract information clearly contained in, or implied by, a data
pase, then the query language will be less useful in that

application,

The last words snould be emrhasized, since additional npower
is wundesirable it it will ope unused. Ffor example, a complex
parser will pe superfluous if nearly all tne gueries take a very
small number of syntactic forms. 1In such cases, the use of a
relatively small numper of function keys may be consideraply

-

easier than the use of a sophisticated system tor analyzing

" natural languaje. A large vocabuylary is not useful if most of

the words are never actually encountered, Unneeaed power will

simply be a waste of resources.

7.2.3 Fase of ilse

An "ideal” natural lanquaqge Interface should accept a

S e g
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probler statemnent {n any words that the user requires., A
formalizeo arti{ticial lanjuage nay require extensive reworking otf
the probler statement 1n order ¢t fit the specified formats.
Altnough this criterion 1s somewnat more "subjective" <tnhan the
tirst two, it is inportant; wusers will pecome discouraged with a
syster that 1dlemands extensive w#ork {n getting the problem

formulated correctly.

7.2.4 Correctness

This evaluation criterion is intended to locate instances in
whicn the wuser enters 4 auery with a straighttorward English
languaae neaning, nut whicn is aiven some otner meaning by the
system, To take a ratner artificial example, suppose that the
user asks: "Hos many 41G=17s do the Vietnamese have? what {s
their rarnge?" 1f the systein were to interpret "their" as
referring to tne Vietnamese rather than to the MIG=17s, it could
prodyce Qutput tnat was wildly incorrect. Such errors may be
more serious in a natural language systen than in an artificial
language systen, since the chance for misinterpretation of

natural larquaje may be greater,

in an irportant article, Cnristine Montgomery has pointed to

one ot the najor weaknesses of tne natural=language approacht

e, — — — , _ .
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jits notorious inability to qeal witr, tne fractured qgrammar,
misspellinas, ana aqeneral 1illeformedn2ss of genuinely natural
languaqge, the language that actuadlly apoears in inouts to real
systems, (hontgonery, C>A>, "Is .atural Lanquage an Jnnatural
Query Lanquage?”, Jperating Systems, 1Inc., woodlana .nills CA
91364). Tris point ot view «clearly provides some ot the
incentive to develop Usercom as a system oradanizedi around
designated function keys, rather than around natural=-lanaquagje

input.

In terms of the evaluation of a functional design, this
criterion »soculd apply to the likelihood of user error, given that
the sottware functioned as specitied. 4nat 1is the probability

that tre user «#ould type misspelled words, incorrect syntax,

i

wrona function keys, ana other erroneous input?

7.4.5 Maturalness

The language should permit the user to employ a natural form
3 ot the language. [Ihe REI, system, for example, sometimes requires

rather-stilted Englisn: "#no are the snippers of shipments whose

cardgo tyre is general mercnanaise?" (Thompson, Bozena Henisz, and
Thompson, Frederick #,, "Rapidly E£xtendaole Natural Lanquage,"

Proceedinas, ACHM National Meetinas, 1978, pp. 173=182.) Thus a

§
1
{
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natural lanocuaje system coulc be less "natural" for the user than
a set ot clearly=deftined functilon xeys, i{f the latter bore some

correspordence to the user’s o«n aefinition of the oroolem,

7.2.6 relrfulness of error wressages

( aren the system tails to interpret a query, tne response

‘ shoula be one that assists the user in retormulating it (cf.

% Coad, F.F.,, "Seven Steps to Renaezvous w~ith the Casual User," IBM

£ Researcn #keport KJ 1333, Jan, 17, 1974). An uninformative

{ ressage, such as "En?" i{s petter than no message at all; but the
system sroult pe designea so0 tnat fallure to produce an
accentable i{nterpretation should retain sufticient information to "
permit a reasonable response to the user. Because 1t {is
sometires oitficult for a system to locate the precise source of
error vhernn an {intervretation fails, it will be important to
evaluate tre correctness of error messages in an implemented
systemn, In tnhe evaluation of a functional design, of course,
correctness woulo ove ditficult or {impossible to determine;

nevertheless, a4 review of proposed error responses ~ill indicate

the likelircod that they «l1ll be of value to the user,
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7.2.7 Systenr capacity

Since rany gquestion=ans+ePrinqg svstems nhave veen developea on
an experimental %nasis, witn very swali a4ti bases, it is
{mportant rto cetermire whether tnev Cdn ceée Anpliea to rata wvases
ot sianiticant si1ze. t.ote, tor examnle, tnat winoygraa’s
wellexnown Shik)LY overated ~ith a4 voC4anunlary ot oanly zJJ  words
(ct. vineograi, ferrv, Ynserstanalnl Natural uvanauage, ~ew York:

Acaaer)c Press, 1972).)

In tre evaluation ¢t 3 tunctional aesyIn, tnere shoulan
theretore te sore iniication that tue 1desiagn can he anonlied to a
data base ¢t sinitricant size == enouln to sarrant tne cost of

implementation,

7.2.d4 Visibilitv ot operation

Joes tre svsten permit tnhe user to inspect tnhe yerv  at
intermnediate points == say, nhetween tne tiuwe tae g'12ry nNas peen
translated into an internal langyuige and the time thAat actual

searchina begins? For the more experlencead user, it will ve

importanrt to re anle to locate arrors in retrievals oefore tney

occur: ir particular, to locCate errors hetore they sSod< 1D hours

of wasted rachine time,
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AT The saie tlTe, tor tne casuAal user witn a relatively,
simple «cuyery, tre oovosite virtue is needed: transparency of
ooeraticn, toOr tne casuil user, the inner working of the system
is ot little 1nterest, It 1s only «nhen sometninag nas yone badly
wrona tnat sucn 4 dser will »4ant ro step throuan the aoetalls ot
tne retrievai, under tne wiagance of an experlenced user or
system wan&Ger, to lLocate tne oreclse point where an instruction

w3s misinterrreten,

le2.9 Selt=docirentation

1t srcuvla ne rossivle to reviesx nardcopy outnut from a
retrieval session, Atter several months, 4andi to ope able to
inrernret tne ,7al ot each auery. [t +#ould be unfortunate to
receive severil opeantitully ﬁormatted, caretully olotted charts
or ararcrs without dany 1nforratign concerning toneir ouroort, A
ma)or escvantele ot a natural languAaye system should be the ease
ot readira oirectly, from the gqueries and tnhe responses, exactly
»nat the user +as trying to tingd out, Sinilarly, a system lixe
sercor shoulia orovide ougtoant that is easilyv interpreted py the

US€r.
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7.2.10 Abbreviations and shortcuts

For many users, typing may be a ditficult andg

PAGE 7-9

lengthy

process. 1s 1t possible to aboreviate tne query in sucn a way as

to permit much shorter inout? For example, c¢an minor

function

words ("a", "tne", "is", etc.) pe onitted trom tne auery? Can

the yser or the system manhdader introduce aopreviations for

trequent]ly used terms and onrases? A#ill tne system orovide

pre=defined function «Keys, tor example?

7.2.11 Notational 1diosyncracies

Does the lanauage reguire a largqe number of notational

devices and special formats or symonols, ~hich might detract from

concentration on the problem? (Cf. Sammet, Jean E., Programming

Languages: History and rundamrentals, Englewood

Prentice=Hall, 1969).

7.2.12 Resource Regquirements

Cliffs:

For a given data bhase, what are the regquirements in terms of

primary &nod secondary storage, central orocessor tine,

terminal

time, and peripheral time? C(Can the system pe implemented on

small or nedium-sized equipment, or does ft require a very large

Al
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computer maintrame? QpDoes it reguire a dedicated processor, oOr

can it ce timeeshared with other processes?

7.2.13 Portability

Is the svstem available in a standard language available on
a varjety of machines likelv to wve found in the intended
installations? [s the coding nighly machine-dependent, or does
it make use only of widely avallable features? Is
special=purrose narqdwxare requirea? Does it normally operate with

widely~usecd terminal eauipment?

The following itewns are reaarded as somewhat beyond the
state of the art for operational systems using large data bases,
They are, however, in use for smaller, experimental systems and

should be consioered typical of many desirable options.

7.2.14 Spelliny corrector

’

An etfective editor is aetinitely nat beyond the state ot
the art, and should oe regarded as a positive ¢lement in any
implementation. (n aadition, technigues tor moditying minor
misspellings (ena informing the user of changes proposed) nave

peen used in correcting student programs, and may be Aapplicable

-»
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to data base management systems, when a spelling corrector fails
to locate a word in its vocabulary it would not only oprint an
error message, but would also suggest some possible alternative
spellings. If they were acceptable to the user, they would bpe

substituted automatically.

7.2.15 Cooperation with ilser

"Cooperative™ is uysed to descripbe a system that attempts to
anticipate the wuser’s 1information needs. (Ct. Kaplan, S.
Jerrold, "On the Difference 3etween n~atural Language and High
Level Query Languages," Proceedinqas, ACM Natjonal meetinys, 1978,
pp. 27=38), Consider the following answers to the question: g,
which Cambodian bases that can service neavy pompers can also
service tactical fighters? Al, Aone A2, no Campodian bases can

service heavy bombers.

The second reply obviously orovides tne user with an
important plece of {information that {s jgnored in the first
reply. (Cf, 8elnap, Nuel V,, Jr. and Steel, Thomas B., Jr.,
The Logic of Questions and Answers, vew Haven: Yale, 19767 and
Lehnert, Wenay, The Process of Question Answering: A Computer
Simylation ot Cognition, New York: Halsted, 1978), Uetermining

the presuppositions of the user’s gquery 4ould bpe an {important
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teature ot a systen nakina a significant contribution to the ease

of making queries,

7.2.16 Approximations and near-Misses

(Ct. Siklossy, Laurent, "Impertinent Question=Answering
Systems: Justification ana Trheory." Proceedings, ACM National
Meetinas, 1978, pp. 39=44), Consider the following pair of

responses:

Q. wshat Cninese troops are now active in Cambodia?

Al, hone.

A2, none, pbut tne Third Oivision is stationed five miles

trom the border,

The second renly helps to give the wuser information that
might well be relevant, but wnich did not apvmear in the query as

it was first formilated.

The last tnree teatures maype taken as examples of work that
is actively peing pursued in research in artificial intelliigence,

put which is not yet ready for incorporation in large data base

A e A .-
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management systehs. ‘fhey seem to require resources that far
overbalance tneir apparent openefits; and there is some !
likelihood that they will worovide ({intoleracle levels of i
noise==-{.e., unwanted information. lInhese and other exverimnental
features should nevertheless bpe taken into consideration in

evaluating competing data pase access lanquages.

7.3 Review of Usercom

<1t L

The sixteen criteria that have veen suggested here may be
used as the vasis for a review of the tunctional design of
Usercom, with empbnasis on useful features for incorporation into
the Advanced Query Facility, The paragraphs in the following
review have been npumpered to correspond to the evaluation

criteria,

Usercom mAay be somewhat easier to learn tnhan miaht appear at

first, to the extent that {t follows the normal seguence of

activities now used by analysts in prciucing FID’s reports. For
new anpalysts, the training procedures couid well be built upon
the use ot adutomated aids in retrievino, manipulating, and

tormatting required information; such a training vrogram would

B
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not pe intrinsically rore difficult than a program that relied

wholly on manual procedures.,

In the apsence of user experience with Usercom, it {s
particularly difficult to determine the ease of learning. It ;'
nevertheless seems to present several prooblems from the point of
view of human factors:

o Usercom rejuires the analyst to use a sequence of
sprecial purpose function xeys, alternating these
witr names that are entered through a typewriter- (:
like keypoard. The sequence of entries 1s rigid,

resempling the required segquences of a programming

languaje. Because 0f this riaidity, users
adverse to learning a orogramming langquage may also
tinad 1t unhpleasant to comply with the sequence of
actions reaquired by Usercom. They may not like a
ricia, somewhat arbitrary form of input,
f o Althoudh Usercom reduces the amount of typing re= i
| quired of the user, it does not eliminate the need
for tvyping. Un the contrary, the user must first
press one or more function keys, then must transfer
to the typewriter Keyboard, then move back again to ' 1
the function Keys, and so on throughout tne input
session, For an experienced typist, this is likely

to be ratner frustrating, beciuse he cannot Keep his
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rands in tne normal position reguired for toucn
typing, and must relocate his hands before each
typewriter fnput. For such a typist, locating and ;

using a function Key may be more ditficult than

tyring a brief function name at the Keypoard.

o The use of prompting messages on the screen will be helpful
to the peginning user {n precaring the inout in the
correct sequence, [t may oe difficult, nowever, for
the user to look 4t the screen, then look downward and
refocus on the keypoard to locate the correct function
key, tnen look up at the screen aqain, and so on,
Difterences in lighting between the screen and tne
keyboard may cause some eyestrain over a long period of
use. An experienced typist would prefer to leave his
nands in the normal position, without looking at then, I 3
rather than have to fhist his vision trom screen to

keyboard netween each use,

Like other human factors consliderations, these comments
would have to be tested in an actual implementation of Usercom to
determine their applicability. From the point of view of AQT,
however, it does not appear that there are features of Usercom
that could be adapted to improve ease of learning., At worst ==
pending tests with actual .users == the AYT natural-lanquage

approach does not appear to be significantly more ditficult to

)
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learn.

The power of the Usercom system may pe limited by the number
of function Xeys avallanle in the particular hardware
contiguration cnosen, However, the rost serious apparent problem
is in the upoate of the system as ne« functions are required and
old functjons dre replaced or eliminated, Since new function
xeys must be designated, new tenplates will oe reguired.
Usercom, however, plays a strictly limited role: it is not a
general purpose user 1interface, but an jinterface tallored
specitically for access to STIS by FID analysts. It requires
precisely as mich vower as is neeased to extract and combine data
from the STIS data base and to orepare reports that needed by
FTD. More power than this would pe wasted, In addition, after
some user experience with the system, it could be expanded to
include functions tnat were needed but not included in the

initial breadboard system.

The Usercom aoal is therefore rather different trom that of
AOT, in that A2l is intended to provide an easily portaole system
for use by persons #ith a variety of ©vackgrounds and needs in

accessing data bases of differiny designs, Usercom would be
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optimizea tor access to the STIS data bvase, for a user group

limitee to FID analysts. Since goals of tnhe two projects are

quite ajtterent, comparisons in terms of power would be

inapproyriate,

I'ne ease of use of tne Usercom approach snould be a primary

aavantace, without operatjonal testing, of course, it would be

premature to attempt to determine user acceptability.

Nevertreless, there is a strong argtument to be made in favor of

the use of tunction Keys, rather than the regquirement that users

type function names on a typewriter style Keypoard. This

approach shoud dopeal particularly to those users who find typing
ditticult,
approach suggest a need for

Arqurents for the Usercom

tacilities withir AQT that will nelp to improve it ease of uyse,

Primarily, sucn facilities are intended to reduce the amount of
typing and thereby to make it easier for the non=typist to use,
Specifically, AOQT miaht consiader:

¢ Use ot anbreviations. It should be possible to use
just one or two letters of a command word, rather

than the whole word. For example, "f" might
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abbreviated "find", and "nhm” miqht aboreviate "hows
many”.

0 Tolerant syntax. Ayl shoula 40 no more varsing than
is necessary to set up the rejuire3 searcn routines.
Ornission ot a function word (“tne,"” "and," "is) should
not cause proaram failure, The uyser should thus pe
able to employ a very conclise format for queries,

0 Since misspellings may occur, it will be important to
he able to deal with them without causing the user in-
convenience, For this purpose, a good text editor
will ve of assistance, [In a more ambitious approach,

a spelling corrector mignt oe employed, to check inputs

against a list of common misspellinis, or to locate
other words #ith speliings that are similar to the
input. Hecause ot tne likelinood of error in & spell=
ing ¢orrector that deals with unrestricted natural
lanquaqge, it will be essential to secure the user’s
agreement before making changes. For example:

Is Chine still usina nic=17 fignters?

"Chine" not found. Do you mean "China"?

yes
At this roint, an editing routine would supstitute the

suggested spelling into the query and proceed,

Use of aids sucn as these could make the AQf naturale

language approach as easy to use as tnhe Usercom aporoach. .
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© i AT A

sy "correctness" is neant the aAaoility of the system to
1nterpret a uyser’s i{ntentlions in #days that are.;atlsiactory to
tre user, ways tnat carry out tne auser’s intentions, The
criterion refiects our aissatisfaction with operation of one

major natural-lanquage systern in whicn the system sometimes

talled to understand jueries ang proauced incorrect parsings. In
such cases an incorrect ansser would be returned to the user

without warninua.

1he Usercom approdcn reoresents one way of avoiding this
Kind ot errcr., Tthe user is 1iven tne responsipollity of preparing
a auery in & rigid, unambiguous form, which the system can
internret and execute in only one way. when errors occur, they

are more likely to ve user errors, caused by a failure on the

part ot the wuser to employ the proper operators in the correct

sequence,

Errors in a natyrale=language system are 1likely to be of
another orcer, In such a system, the uyser uses whatever phrases
and torns he would normally use in formulating a query., The
systen then has the responsipility for translating these into a
tormula reanringful to the system, [Ihis translation process |is

ditticult, and 1is supject to tne.errors that normally occur in

¥
t
¥
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natural 1language == the result ot amoigquities in words

(equivocation) and sentence structure (amphioolyl). wsecause of §
the conplexity ot natural languaje, there will always be
j sentences meaniniful to tne user that are incorrectiy interpreted
E by tne programr. Tne proolem of pronoun reference, for example, l

i{s particularly ditticult, %

In corparina the AQT approach sith that of Usercom, then, we

are conmgparing alternatives with very ditterent sources of

potential errors. In lisercom, errors are rost likely to occur as
the wuser attempts to translate an information reayirement into
the lanquage of the systemn; in AQTl, errovs nay occur «nen tne
system interprets an input incorrectly, Pertormance in usercom
is likely to improve as tne user learns 7T0re J4apbout system

requirements ana is retter able to tailor 7jueries to fit tne

system, In aYT, perforgpance improves «itn +time as opldusiole

errors are identjified and tne systen is improved, txperience

with poth systems, lisercom and AOT, is required to determine the

degree to whicn errors c¢an he reducea or eliminatedi under ejther

approach.

The USe€rcom apnroach to system desijn detines “naturalness"”
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in terns o0t tne natdral sequence of activities that tne analyst
pertorrs, It is intended to provide ootions in an ordering and a
tormat that corresponad to the 4y in of analysis nas dictated the

aeslcan of the systen,

"nmaturalness” in AL has a4 somewsnat ditferent meaning.
Yere, it refers UTO how 4 numan user normally phrases a query.
fne use ot relational hierarciniles to model a data pase was was an
attempt to ©praviae a close aprroximation to tne way humans
norrally tcrirulate tnelr querles, oecause 0f these differences
in Aapproacr, the negree tOo anicnh the naturalness of one system

can te trarnsferredq to the other {s not qgreat.

Tre helptulness ot error aessaJdes would bpe an important
criterfon for revies ot a running system. At this time, Usercon
exists only ir tne form of a aeneralized system description,
wnile 401 nas oeen 1imrplemented in a demonstration system, In
nejther case 1s tnere sutticient experience to be able to

getermine the nelpfulness Of error messages,

kit et
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Again, there are no firm data upon which to pase estimates ‘
of system capacity. botn Usercom and AQT have bheen 3esigned for
eventual application in the production environment, where data
bases are potentially very larqe, It will be assunea that both
systems will re capable of dealinqg «itn very large data bases in

tneir operational versions.

Visibility of operation snould pe interpreted as meaning the
ease with whicn pronlems are locatea == particularly problems in
the interpretation and execution of queries. This problem does
not appear to arise {n the uUsercom approacn, sincCe the primary
locus for errors would pe the user’s interpretation of a query in
the language of the system. In AQTl, tne approdach has peen to
maximize the transparency ot tne system to the user, who need not
be aware of the structure of the data base, or of the specific

procedures that are used to extract information from {t.

Both Usercom ana AJUT, then, rely on transparency rather than

visibility as a desigeratum, Furtner experience with both

& systems should show whether there is actually a neéd tor greater

¥
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visibility, i.e. the degree to which tne user can see exactly

what the system 1s doing,

usercomr coes not Aappear to be selt~documenting in the sense
of tnis criterion. It would pe rather hard tor an inexperienced
user to deterwmine tne {intent of a six-month~old record of
interactions #ith the system == 1f, indeed, the user dialogue

woula pe retained at all oy the system,

AVT is oesigned 1in such a way as to be self-documenting,
since the full dialogue will provide even the casual reader with
8 clear picture of the original query and of the system's
response, This documentation will be ot value when {t {is
necessary to determine tne meaning ot lengthy tables, charts, or

other output that coulo not easily pe regenerated,

Te3.10

Abpbreviations and shortcuts were suggested in item ?2.2,7?
above as rnethods of reaucing the need for lengthy typing.
ysercom represents an approach shere all major system functions

are supplied tnrouanh tunction Kkeys, representing an extreme form

s ot
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of abbreviation., AQT has a very tolerant syntax, peraitting tne
use of abpreviated, telearaphic inputs as 1long as they sutfice to
disambicguate the aquery: no rigia adherence tec Englisn grammar {s
reguired, (tnis aAaporoach nprovides a response to tne position
taken in Christine Montyomery’s paper, “[s .satural ULanguage an

Unnatural yuvery wuanjuage?")

7.3.11

AUT 1s aesignes to be free of notational idiosyncrasies that
might detract from concentration on the problen, The
natural=language approach s intendeao to tree the user trom tnhe

need to erplov 4 specializeda syntax or set o¢ symnols.

Usercom uses a rather difterent appro>:c., in +01en  ths
specializea syntax consists of a seqguo.ce of Keys to perform
elementary functions ot the system. A pro-r-iammindg option permits

the user to 1detine functions oOr wmacro:z that comhine these

primitive operations,

Inis criterion was suagested as A resp nse to comwments oy
Jean E, Samnet, in ner programring L:nguaaes: History and
funacamentals, wnere she noints to the use 0. curious or difticult

conventions within tne languayes under revievw, ~nejither tne
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usercon rcr  tae AT  apprdyacn seers to be supject to the
criticisms that she raises. Vevertheless, iajosyncrasies mignht
well Appear in oneradtional iuwplemeptations »f either system; tne
lack of experience witnh tne systens ajal . makes application of

the criterion Aitticult.

T.3.12

In terms nf resource requireirents, ~>tn 3pproaches seem
Quite simllar, since tne major resource v> nir.:c.. tor noth of
them woula re the storaie of tormatted a2-t. a = 0> Search
mechanisrs requirad to access the data, Tne front end for opoth

systenms, oiven tne podest requirments of tne lsercom approach,

s

would show the larqgest qifterence, 49T taxes the responéibility
for translatiny tne user’s query into a set of commands for
search, reftrieval, transformation, and output. Usercom places
responsipility upon tne uyser tor the tirst of these functions,
tne translation of An inforration reauirement into the restricted
syntax ot the system, The Jjredater power of the AQT approach will

reaquire rrocortionately qreater system resouyrces,

7.3.13

I'ne nortaoility of the AQ[ system will pe one ot its primary
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advantages, It is Adesigned tor rapid implernentation in 3 variety
of hardware environments, for accessing a wide range of formatted

data pbases. Usercom is intended for a sinjie type of data base,

Another cnaracteristic of the uUsercom approach that will
limic {ts portanility is the use of LISP as tne system language,
where AQT has usea FURTRAw, Althougn nmoth languages are apout
the same age == dating from the late 1950°s == the number of LISP
implementations s consideraoly smaller than tne number of
FORTRAN inplementations. in addition, tnere are fewer
prograrmers trainead in LISP tnan in FJIrIRAN, As a result,
Usercom is likely to oe much less portaple to nes nachines than

is AQT. (hone of these comments are intended to suggjest that

-

e it = e 5, ' bk e e o ke Ve o

FORTRAN 1is superior to LISP as a ldanguage tor ianienentation of
systems like Usercom; on the contrary, LISP is a1 w«ell=desioneys,
flexiple languade particularly appropriate for such applications,
PASCAL would be another . languaade superior to FORTRAN to bpe

considered).

The remaining evaluation criteria were suggested as typical
of extensions of the natural lanjuage approach tor the
developrent of user intertaces., wone of them should be regarded

as within the state of the art for large data pase nanajement

systems,

PR
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7.4 Sumrary

Several elements of the Usercom approach have been reviewed
and emchasized nere:

o The cldse attention to the actual operations of FTD
analysts, to their information needs, and to the need
for proaucing tformatted output nave been emphasized
i usercom and are important considerations in the
develonment ot AQT.

o Corments concerning the difficulties that some users
will finad Iin using a typewriter keyboard should be
reviewed to insvre that AQT is easy to use.

o The need for an eftective implementation language,
such as L1SP, should pe considered, A specialized
languajye like PASCAL inignht also be reviewed,

o Comments concerning the problems that users tind in
producing syntactically=correct inouts, correct
spellings, and other non=-technical details, should be
revievsed carefully. 1n particular, it should be
possible to make corrections in an input without
retypring the entire line,

0 More generallv, A close attention to human factors

will be a major consiaeration for AQT development,

i
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SECTLION 8

Concluystions

8.1 Status an1 results

fur experience in puilding a demnonstration system for AQT
indicates that & rportaole natural language data bpase query
facility is not only feasible, out also well within the domain of
present established data bhase and natuyral lanquage nrocessing
techniques, Tne most signiticant aspect ot the demonstration
system is its overall simplicity in contrast to its capabilities.

The simplicity is reflegted in tne tact that such a system could

‘be implemented in FUORTRAN on a DEC PDP=-11/45 and that we have

been able to descrive all the important aspects ot tne system
here in this report. An eventual prototype query tacility of
course would hdave to 10 consideraply oeyond the demonstration

system, put its basic frameworxk shoulda still be the same,

Most of the code written tor tne demonstration can be

readily adapted to a FURTRA« implementation of a prototype aquery

oy B Sl oot oo e S
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tacility. As noted 2lready, the choice of FORTRAN nere is solely
on the basis ot its near-universality although its portability
may well te aquestioned; 1{in practice, we founa it troublesome to
work with even w#ith 4 FLECS preprocessor to aid in maintaining a
top=down structurea prodramnning discipline, It a specitic
applicatior called ¢tor implementation in a modern programming
lanauace like PASCAL, 1t would bpe fairly straightforward to
translate from existing FURIKAY code into ity and in fact the
resulting cooe should pe much improved since the demonstration
system hLas had to employ convoluted means in FORTRAN to come up
sith tre eaduivalent of npointers for strings, structured data

types, recursion, and local variables.

I[f neec pe, the present demonstration system jitself could be
applied to provide natural language access to an existing target
data base, 'the system #as desianed to avoii the appearance of
veina tiea to a soecific test data vase; we can redirect it to
other tarcvet data oases by simply changing its external
translatior taoles, assuming that the structure of the target
aata pase is tairly ortnodox. f(he demonstration system would of
course corstitute only a part of a prototype query facility, but
it woula nevertneless allos tor experimental uyse of natural

lanquage access to actudal d4ata bases.

Experimrental use of AQOT will be essential to further
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development, de need to get more experlence «#itn tne kinds of
data bases where natural lanauage access would be appropriate ana

with the kinds of patterns ot access tnat mignt be expected, we

also need to identify specific information nroblems of pboth users
and their orcanizations where nes technologies might be directed.
Because the success of an information system must in the end oe
Judged by how well it is accepted oy its users, it is crucial
that they be avole to have some say in how tnat system should turn

out.

8,2 Evaluation criteria

The AQ01 approach is not concerned with developing the
ultimate natural language system., Such 3 goal is ot tneoretical
interest, but it is only tangential to tnhe practical problem of
facllitating data nase access. Altnough a user can pe impressed
by the sopnistication of a natural language system, it w%1ll pe oOf
“ittle ‘consequence {f 1t reguires riding rouaghsacd over nudgets
in order to get one, Because of tnis -economic reality, the
emphasis 1in AQT has been on simplicity, witn natural lsenguage

left to fit in where possinle,

Tnis limitation on natural language power, thouqn, turns out

to pe only minor in the context of the: data pase access problenm.
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Conciusions

The kinos of responses that se can make to a data base guery are
actually few {in ngmber, maxking it nardly worthwhile to be
especially sunte in qguery processing, The resolution of
reterence is A2I, for examwple, is accomplished through extremely
sirple means, particularly in contrast with the lengths that some
"intellioent"' n4atural languyage systems gJo  to; these simple

means, however, seen to he entjirely workavle,

An Ayl tacility will snrk vest with data bases that have
nighly reaular structures and that deal with one particular
suhject Aarea, It is desiqned for selectively displaying the
contents ot A4 data Lbase without any automatic support of
interence; it is possible to retrieve information not explicitly
stored in a data nase, put this ﬁust ve Jone by including special
nrocedures that asefine virtual data tields 1in effect. An  AQT
tacilityv thus will bpe most wusetul 1in applications where the
prohlem is tne accessibility of online data and not its
interpretation, this oprobably a reasonable strategy given that
huran reinas are typicslly better at interpretation than machines

while finding 3i€ficulty with the mecnanics of data access,

Tre effecrive use ot an AQr facility will require a certain
amount ot training, rirst, a user must know in a general way
what 1is contained in a tdarget data base because lanquage

processina in Ayl depends a great deal c¢n queries beling
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domain-restricted, J3econd, the user mdst also understand that an
AQT tacility {s oesjically not intelligent; it can only respond
directly to queries and even at this must ultimately fail as

queries arow increasinaly comnlex. The user, however, need not

pe familiar wita tne actual structure of the target data base or
#ith the actual opereations involved in query translation. The

data pase nanajer ~ill require the most training.

An AQT facility 1{is desiagred for easy {installation and
mainterance., Chanaes to a taraet data base can be accommodated

in most cases oy undatingy translation tanles, Extending a query

em e - oy o

language vocanulary is a simole process; extending a grammar is
more difficult in tnat it requires some expertise in lingulstics,
Lut this can also he done as a taole update, The identitication
ana correction of actual errors in code is aided by the
oroganization of tne query translation orocess into distinct

passes and bty tne avoldance ot complex algorithms.

The eventual goal ot AQ1l is to produce a natural 1language
system that 1s tlexiple bput vyet rellable enough to run
eftectively witn anplications in tne real world, A persistent
aifficulty with natural language {s that it stiil 1lacks
credibility; for despite its supposed advantages, it 1is still
nard to convince persons responsible for assembling practical

information systems that true natural language access 1is a

L
P
b
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serious alternative, we want to show with AQT that natural
languaqge is no longer a nothouse curiosity, but a basic tooit to

solve real proolems.

8.3 Areas tfor furtner work

Because tne Ayl demonstration system was built crimarily to
show bpossibilities we were concerned not so much with developing
specific asnects of the system as w#itn eaestalisning tne overall
concept o¢f table=driven 4query translation. There remains a
consideracle amount of work to do for tne implementation of a
full prototyoce query facility; the pronlems involve both
enhancemrents of basic capabilities already in the deionstration
system and altogether new capabilities necessary to support true

natural languaage Access.,

The princimal enhancements that seem called for are:

o numericael comoutations on fields
The demonstration system now computes sums, averages,
raxina, minima of fields in a rudimentary way. This
could pe elaborated further to incoroorate more
statistical functions and to allow aritnmetic opera=

tions on fields and the results of functions. 0One

euddtiotnthiibuetitoi i e
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inrteresting vossiriitty is to bulla in tools tor
exploratory oat, anilvsis in tne manner ot Tukey (11],
inclunint tre varicus aracnical ailswvldays that are an
intrinsic part of saycn ani3lysis. ‘lhere ire many
things we couli 30 nere; tne «a431or drooclen nere will
e tnat ot 7eciaind snat 1s nost approovriate tor 4

cenaral juery facilirtv,

reterence

Tre current orovceaures tor reterence 10 Not tdake into

account the actual torm ot 4 guery’y tnev note only the
intersection of the tiela svecifications tor tne
current anc preceding aueries, Tiae scnere actualiy
wOIKS out aquite weil, but it nas tre limitation of not
correctly nanaling certain kinds of terse 1juery
sequences anere consecutive jueries nave no explicit
fiel1 soecifications in cornen, [t seens more reason=
atle to exteny the reterence proceasure nere rather

than simply tn farnia such sequences.

crammar

Tre current AYT Iranmar consists of 4 set ot rules

accigaulatea to test the 4eronstration systew, There
are aeficliercies 1r nanallna conjunction and some
rules, s'tch those tor seguences ot ftiela names, could
re formilated netter, 1Ine ©aslc irarmar +ill have to

re resorkea and extended for use in a prototype querv
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tacility.
C  1IaeXlna f4tcnen record 1astances
Tre canonstrsation systes scneme for retrieving record

1rStAnCes 4nd 11sklavlad results is adeguate for a
crall test :dgta oase, PIt in general, 1t «ill reguire
tee iven ra1n fewory tor ingex lists. In the proto-
tyre guery facllity, retrieval anrd Adlsplay of resuilts
vill nave to ne interleavea, allos injex lists to be

read in anna .ritten out incrementally.

sone new areas to ve explored incluaes

¢ necatinn
~eGatl10in in adeneral can re exceedingly complex to handle
in natursl lantisge, but tecause it is descriptively
recessary 4t timues, a auerv facflity should accept 1t
at least in A linited form. 1This will reJjuire major
cranjes 1lan1 tne entire brocess of Juery translation.
o surspecies ana variants
1t is sometimes nelptul ftor a lnaical data rase model to
allos sunirouoing ot 44ta by cartain xeys: for example,
in computind 4 Tean, <@ may ~¥ant to ada in a sinale value
ter & kev suparoup inste3d ot takina tnem individuallye.
1he £yYP striny pattern matcner usel on ASCl1l keys

agdresses tnis rroriem somewhat, but a more qgeneral
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apgreach 1s needed,
0 sorting and aroypinag Ot results
In the Jdemonstration system, results are displayed strictly
in order ot retrieval; put it is generally nelpful tor a
user to have output sorted or grouped by various kevs,
This could pe daccomplished in a fairly straightforward way
E by odidina another p4ass to the Juery translation process.
E o 1lrterfaces with multiple data bases
Hecause 3 user sees datda only through a logical model,
it should not matter how many difterent data bases
that aata is draewn trom, 'l1wWwo possipjlities arise here:
we can ageneralize the AYT record access procedure to
allow a single loagical model to refer to several data

tases, or we could allow a user to switch from one

loaical model to another, "

p 8,4 Plans

Current plans tor A9T c¢all for the development of a
prototypre gquery tacility in FURTRAN, It will be implemented
first on a DEC PMP=11/70 under the RSX={1“ operating system and
then probably taken to a VAx=11/780 under VMS running i{n 32enit
native moade, TIhe move should allow the portability of the system

to be assessed, work in this area is scheduled for completion in

A

e e o A e
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Octooer of 1Y%bu,.

As @ test ot the capahilities of the prototype aquery

facility, we will ¢try to get a 1large data base of current

interest tor an exoerimental application, In setting the system
up, we rfplan to 90 tnrough all tne formal procedures that an

actual data tase manader «ould go through: identifying the

target data to be accessed, constructing tne tavles for gquery
translation, and actually Jenerating 3 load image of the system

from distrirution sources,

fo tre extent tnat 1t is possiole, w~e will get actual
intormatior users to try the system out, either by bringing it up
on a processor available to the wusers or by arranging for
cormunicatior trom rewmote terminals over telepnone lines., This
woula allow us to see how natural the system really is and also ,
to let users nelp in guiding its course of Jdevelopment, It {is
hoped that the relative ease of settina up an AQT facility will
make potential users more receptive to participation in such

testina,

k,5 Sumrary

1he rhilosophy behind AQT was that the natural lanquage
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aspect of the problem was actually less Important than tne data
base aspect., deing able to express gueries {n the form of
English is of little help if a user cannot figure out what to ask
in a given situation. So instead ot thinking amout grammars and
dictionaries first, we started by consiaering now to make data
bases as transparent as possiple so as to make access to them

easier.

The major difficuyulty presented oy data opases 1{s that its
structure is typically determined by purely tecnnical
considerations such as minimizing the amount of storage used,
optimizina certain access paths, ana exploiting storage devices,
Because none of this 1s pertinent to a person who simply wants to
retrieve 1information, the trend has been to make this {nvisible
through imposinay increasingly aostract loaical models on top of
data pases, The notion of relational nierarcnies comes from this
process of abstraction taxen to an extreme: the naminy of data

items as well as their structure is wade invisiole,

The use of a relational hierarcnhy as a 1loaical data nodel
suggests a simple and practical way ot interpreting natural
language aqueries., Such querjes are first maoped as an
intermediate step 1Into references to a relational hierarchies;
these references can then be mappea into references to a3 larger

data base tnrough translation tables describing tne

[ e
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correspondence oetween An interme.dijate model and a data base,
This aprproach qoes not reaquire a large machine for an
implementation; in fact, 1t can ne programmed in FORTRAN on a

DEC pPLP=11/70.

The relative sinplicity of tne Ayl puts it within reacn of

many inforration wusers for whom natural language access may

otherwise be unavailaole, Recause tine code tor AQT is in FORTRAN

INSRVRR Y HPSPIFRVSSESTRI S SR

it shoulec te runnable on most machines large enough too support a
data base svystem, The A9T facility {s self=contained; it
requires no additional software to 9o with, and it can as in the
case of the cemonstration system worx directly on ordinary files

witnout a separate data base management package,

An AQT facility is desianed to go out to the user. Setting

it up 1is easy, and {t can readily evolve as a user gains \ 1

experience with it. Most of the work of tailoring a facility to

A target data base will pe in deriviny a relational hierarchy as

a logical mocel ana in constructing the translation tables to go

A with the nodel., Experimentation with the facility w#ill involve

very little risk on the vart ot the Jser,

Tne development of AO0f {s an Jattempt to make natural 1
lanquaage a realistic solution to data base access problems,

Natural language is important not only {n that 1t can expedite

B wiatliat i i o criged) s imdh.
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certain things now Dbpeing done put also in that it opens up
possinilities for oringina tne ultimate users of {information
closer to the sources of informatjon., +aturdal language can serve
as a comnon access method to many ajtterent gaata bpases at the
same time, making tnheir aygjyreydate contents immediately availanle
for analysis or decision making. The AUT effort is only a small

step in this direction, nut it is a realistic one and shoulad help

pave the way tor other systems yet to come,

e’
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APPEADIX A

A Session with the Demonstratior System

RUN ACT

*5% AQOT DEMOUNSTRATIUN SYSTEM® #*x¥

QRY>TELL mE ABQUT AIRCRAFT,

AIRCRAFT(?)
(.)

81 AIRCKAF1T

THIS IS A SUVIET FIGATER AIRCRAFT DATA BASE,
DERIVED FROM UNCLASSIFIED PUbLICATIDNS. IT
DESCRIKES CPFaS, FIUSELAGES, w1465, E~GINES,
ARMAMENTS, AtD PERFORMANCE,

QRY>NANMES OF AXIRCRAFT?

ATRCRAFT
' AIRCRAFT(?) (HAME=Z¥)

()

NAME

LA L L L X X X 2 4 2 L X 2 B r X L& X L 2 4 X J
FIREBAR YAK=ZHP
FIDDLER TU=289
FLAGON~F, SiU=15
FLAGON=D Su=15
FLAGON=C 5U=15
FLAGON=B 5U=15
FLAGON=A Su=15

FLAGON . $u=1%
FISHPGT=C 5l=9

F1SHPOT Su=9

FOXBAT=8 11G=25

Page A-1
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A4, A Session with tre Demonstration System

FOABAT=A 41G=29
FOXRAT MIG=2¢5S
FLOGGEF=C M[G=230
FLOGGER=R MIu=23R
FLOGGEK “1G=23
F1SnRED=J AIG=21PFMA
FISHRED=F A[G=21PFHM
Flondt =D 1[G=21PF
FilSnaEl=1 M[G=21M¢
FISHBFU =K A1G=2 L AF
FISnBED=J MIG=21MF
FISApLl=C 1iG=21F
FISHBED MfG=21
FARNER=C 4LG=19I8F
FARMEFR =] ALG=192.4
FARMER=D JIG=19PF
FARMEN viGe=19
FRESCD AI1G=17

VRYI>ABAT 185 Taf HATO NAAE QF THE MIG=19 AND wHEN DID LT ENTER

SERVICE?

AIRCRAFTI(1!)ISERVICF YAMEZIV]IG=19)
e ALRCRAFT(?)(<<KNATU>> NAMEEX]
()

SKNATUDD> [LAME

— "

FARMER A1G=19

e« AIRCKRART]

e AIRCHRAFT(2)[(ANHEN IT ENTERED <<KSERVICE>>=X)
()

aHEN T EATERED <<SERVICE>>

1955 M1G=19

CRY>DWHAT 1S THE AVERAGE LENGTH UF ALRCRAFT WITH A WING SPAN

GREATEF® TRAN 252

AIRCRAMFT

e DIMENSIDE(2) {(AVERAGE) LENGTHS*]
o VING DIMEANSION[SPAND2S)

(o)

LENGTH

FARMER




YAR=26P
TU=28P
Su=15
Su=315
Su=1%
SL=15
Su=15
Sh=15
Sli=9
Su=9
M1G=25
MIG=25
M1G=25
®MIG=230
M1G=213p
M1G=23
M[G=1YSF
MIG=19FM
MIG=19PF
M1G=19
M1G=17

FIRERAR
FINDULER
FLAGUN =Y
FLAGON=Y
FLAGUO v=C
FLAGU v=B
FLAGON=A
FLAGUw
FISHP)T=C
FISHPOT
FOXRAT=B
FJIXAAT=A
FxsATl
FLOGGRR=C
FLOGGKR=3
FLOGGER
FARMER=C
FARMER=D
FARASK=D
FARMER
FRESCO

AVE LEFMGIES 60,87

ORYDCUNE IGURATIOHNS UJF THE WIG=Z1¢F?

AIRCHAFTISEFVICE

A Sessjion with the Demonstration Syctem

71.04
%95,.,00
8,00
63,00
53,00
63,00
68,00
63,00
59.00
55.00
09.0V
69,00
69.00
59%.13
55.‘3
55.13
i8.88
48,88
45,88
48.949
36.33

SAMEFSMIG=214F])

o ARMAMEMT CHAFIGURATIUN(?)

(.)

PAGE A=3

YT E E P L P E LR LR LR L L R L B L LA A L L Ll L DL DL LD L LA Ll L 2

M1G=21MF

MIG=21MF

FISHRED=L

Fl3H3ED=K

ECFGN*

*CFGN*
SCEGN¥*
*CFGN ¥

*CFGN¥

¥CFGN*

¥CFGN*

N =0 B0 =0 5 NN = 0 ke NG N B0 B = b NN

UN
UN
AS
UN
AA
UnN
AS
AA
UN
Al
UnN
(]
UN
AS

UN’

AA

-UN

AS

BOMB
BOMB
ROCKET
CANNON
MISSILE
CANNON
ROCKET
MISSILE
CANNON
MISSILE
CANNON
8Nms
80MB
ROCKET
CANNON
MISSILE
CANNON
ROCKET

UKN
UKN
UKN
UKN
ATOLL
UKN
UKN
ATOLL
UKN
ATOLL
UKW
UKN
UKN
UKN
UKN
ATOLL
UKN
UKN
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A. A Session with the Demonstration System |

2 AA MISSILE ATOLL
1 UN CANNON UKn
$CFGN* 4 AA MISSILE ATOLL
1 UN CAnNON UK 1
M1G=21MF FISHBED=J *CFGNS 2 UN B0OMB JKN .
2 UN BUMB UK#
4 AS ROCKET UK
1 UN CANNON  UKN !
*¥CFGN# 2 AA MISSILE ATOLL l
1 Un CANNON  UKw- b,
KCFGN* 2 AS ROCKET  UKN j
2 AA W4ISSILE ATULL '
1 Ua CANNON UKa
SCFGE " 4 AA AISSILE ATOLL :
1 UN CANNON  UKN .
QRY>WHAT IS THE COmMBAT RADIUS uf SOVIETD AIRCRAFT CARRYING ATOLL? i
AIRCRAFT ARMAMENT CUNFIGURATION wEAPONINATO MAME=ATULL)

« PERFORMANCE(?)(1!)(<<COMBAT>> RADIUS=¥)

(.)
<<COMRAT>> RADIUS

MIG=21PFMA FISHBED=J 1183

MIG=21PFW¥ FISHBED=F 1183

MIG=21MF FISHBED=L 1183

MIG=21MF FISHBED=K 1183

MIG=21MF FISHBED=J 1183

MIG=21F FISHBED=C 1133 -

ORY>DUG ANY AIRCRAFT CAKRY THE ACRID MISSILE?

AIRCRAFT(Y/N?)

. ARMAMENT COUNFIGURATION WEAPUN(1!) (CLASS=MISSILE,NATO
NAME=ACRIL] '

()

YES,

FULL 0OUTPUT?
NO

QRY>HOW "MANY?

o ATRCRAFT(#%7)
()

PRFIPNE

e Y TOPEIN

R T e




A. A Session witn the Demonstration System

AIRCRAFT(S)
COUNT = 1
FULL OUTPLT?
YES

MIG=25 FOXBAT=A

QRY>ITS SPEED?

o PERFCRMANCE(?2)(1!)(SPEED=*]

)
SPEKD

MIG=25 FOXBAT=A 2,81 100000
3,08 900V0
3,20 809900
3.0n8 70000
2,81 60000
2.49 50000
2,19 400090
1.93 30060
1,71 20000
1.5% 10000
iecls v

ORY>WHAT JS8 THE MINIMUM LENGTH UF INTERCEPTURS?

ALRCRAFT [ROLE={AW} I{R})
« DIMENSION(C?)(1!)[(4INIMUN) LENGTHZ#)

(.)
ROLE LENGTH
MIN LENGTH=AWI SU=15 " FLAGUN=E 58,00

QRY>UF BOMBERS?

« AIRCRAFTIROLE={F/}B]

.)
RULE ‘ . LENGTH
MIN LENGTH=F/B MIG=17 FRFSCO 36,33

PAGE A=5
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A, A Session with the Demonstration System

QRY>PLEASE DFSCRIAE CREWS,

AIRCRAFT CREw(?)
()

©4 CKE®
ONLY CREwW SI723 ARE KnNUwh,

QRY>HNW MALY ALRCRAFT CAKRY 2 CREWHEN?

AIRCRAFT(1?)
« CREw[8%=2)
(.)

AIRCRAFT(S)
COUNT = 4
FULL OULTPUT?
YES

MIG=25 FOXBAT=R
M1G=25 FOXRAT=A
MnIG=2% FOXhAT

AIG=23U FLOGGER=C

QRY>HO® MANY CARRY 1?2

« AIRCPAFT(#7)
« CREslN=1])

(.)
AIRCRAFT(S)
COUNT = 25
FULL QuTPUT?
NO

QRY>. o

A58 EAD AQT ¥¥4

it "
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APPEHDLIX B
Translation Tarles for Soviet Aircratt Data
RELATION MAME TARLE
NAME KECOKD ANCESTOR LINKAGE
(YR 10

AIRCRAFT 1 0 1=1
ANMAMENT 3 1 1=1
CONFIGURATION 4 2 lemM
CREw 1 1 i=1
VIMENSTION 1 1 1=1
DIMENSTON 1 9 i=-1
DIMFENSION 1 15 1=1
EMGINE 1 1 1-1
FUSELAGE 1 1 1=1
IDENTIFICATION 1 1 i=1
IDENTIFICATIUN 1 ! i=1
PELRFUKMANCE 2 1 1-1
WEAPON 4 3 1=M
#E1GH 1 1 1=1
WInG 1 1 1=}
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Translation Tables for Soviet Afircratt Data

FIELD COKKESPONDEACE TABLE ]
RELw REC DATA FIELD
TYPE TYPr, OFFSET LENGTA

SERVICE NAFE 1 1 A 0 12 3
NATO NAME 1 1 A 12 12
CHEW 4 1 I #2 2
MANUFACTUFE & 1 1 A A3 12
RULE 1 1 A 100 u
FIRST FLIGH! 1 1 A 108 19
WHEN IT( FIRST] EN[ERED
SERVICE 1 1 A 120 fu :
LENGTH 6 1 R 32 4 3
HEIGHT 6 1 R 3o 4
CLASS 13 4 A ) 8
ACCOMMODALTON 4 1 1 84 2
SPAN[ SWEPT] 7 1 i 24 4
AFTERBURNEE 8 1 A o8 1
POWER d 1 [ 64 2
MANUFACTUREP 11 1 A 4y 16
TYPE 11 1 A 44 3
COMBAT KADIUS 12 1 1 144 2
SPEED[ VS AL.ITUD#] 12 2 R Q 4
S1ZE 13 4 1 a8 2
EMPTY WEIGHT 14 1 1 72 4 .,
GRDSS WEIGHT 14 1 I 76 4 !
EXTENPDED Wk IGHT 14 1 1 R0 4
EMPTY -, 14 1 [ 72 4
GROSS .. 14 1 { 76 a
FXTENDFD .. 14 1 I 50 3
TYPE 13 3 A 44 2
MFG DES 13 4 A 3o 8
NATU NAME 13 4 A 8 12
ROCKET/POD 13 4 I 52 2
MFG 13 4 A 20 1o
NAME 1 1 A 12 14
WEIGHT 14 1 1 70 3
.o 14 1 1 76 4
’ 13 3 { 4 2
. 5 1 I 40 2
] 9 1 1 d4 2
LENGTH 5 i R 32 4
HEIGHT 5 1 R 36 4
SERVICF ALTITUDE 12 1 1 140 4
ALTITUDE 12 2 1 -4 3
PUWER RATING it 1 { 64 2
COMBAT RADILS 12 t i 144 2
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.

* INIEF=-RELATIOJNAL RECORD LINKS
\ TO I FROUM | LINK LINK
COORD| COOFDI TYPE FIELD k
Y

1 3§ ¢ o .- ) ¢ TOP=LEVEL INDICATOR

1 4 1 1 el o 0 ? AIRCRAFT TO CREW

i 5 1 1 il G 0 ;7 AIRCRAFT TO DIMENSION

1 8 1 1 -- o 0 ? ALRCRAFT TO ENGINE

1 9 1 1 el 9 0 ? AIRCRAFT TO FUSELAGE

110 1 1 - 9 0 : AIKCRAFT TU IDENTIFICATION

1 14 1 1 - 0 v 3 AIRCRAFT TO WEIGHT

115 1 1 .- o 0 ¢ ATRCRAFT TO wING

1 6 )Y 9 - 0o v ¢ FUSELAGE TO DIMENSIUON

1 7 118 - 0 v ? WING TO DIMENSION

111t €& - o 90 ! ENGIRE TO IDENTIFICATION

112 1 1 - 0 0 3 AIRCRAFT TO PERFORM, (RECTYP=1)
212 1 1 272 152 2 ;! AIRCRAFT TO PERFORMANCE

313 3 3 Xy ) 2 ¢! CONF1GURATION TO wEAPON

3 3 3 2 XX 4 2 ; ARMAMENT TO CONFIGURATION

3 2 1 1 Ne 148 2 7 AIRCRAFT TO ARMAMENT

4 3 3101 N= 0o 2 ? CONFTGURATION ELEMENT TO WEAPON
3 101 3 160 YY o 2 ; CONFIGURATION TO ELEMENTS

3 100 3 2 XX 4 2 ;7 ARMAMENT TO CONFIGURATION

¥ INTRA-RELATIhiAL RECURD LINKS
4 13 3 ¢ Ne= 6 2 ; WEAPON COUNT TO WAEAPON

(COURDINATE FAIR = RECORD TYPE + RELATION)
¥ RECORD TYFE ACCESS TABLE
ACCESS SIZE FILE HAME

TYPE

D 200 DKIAQT DAT ; MALN AIRCRAFT RECORDS

D 50 UK:ALLISP.DAT : SPEED VS ALTITUDE TABLES

D 12 DKIARMBAS.NDX ; ARMAMENTS INDEX (WITH COUNTS)
v 04 DK:ARMBAS.DAT 7 ARMAMENTS RECORDS
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Translation Tables for Soviet Alrcraft bData }

% MANDATORY FIELDS TABLE FOR QUTPUT
COORD FIELL DATA

REQ’D TYPE |
1 1 012 A s ALWAYS PRINT OUT SERVICE NAME '
1 1 12 12 A H AND NATQ NAME FOR AIRCRAFT
4 13 8 12 A t IDENTIFY WEAPON BY NATO NAME
4 13 44 2 A 3 WEAPOW TYPE
4 13 0 8 A 3 NEAPIn CLASS
212 =4 4 L 2 ALTITUDE wlIH SPEED
1 8 44 4 A 3 ENGINE TYPE
1 11 44 4 A H «")
3 100 =1 6 A ! CONFIGURATION MARKERS
3 10y 4 2 1 2 WEAPQX CUOUNT (CONFIGURATION)
4 3 44 2 A : WEAPON TYPE (CONFIGURATINN)
4 3 0 & A 3 WEAPDnN CLASS (CONFIGURATION)
4 3 8 12 A ! WEAPON NATO wAME

(COORDINATE PAIR = RECURD TYPK + RELATIUOWN)
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MISSION
of
- Rome Air Development Center

RADC plans and executes redeanch, development, test and
delected acquisition programs in Auppofut 04 Command, Contnol
Communications and Intelligence (C31) activities. Technical
and engineering suppont within areas of technical competence
48 provided to ESD Pro g/unn Offices (POs) and other ESD
elements. The prineipal technical mission areas are
communications, electromagnetic guidance and controf, sur-
veillance of ground and aerospace objects, mezugence data
collection and handling, ingormation dystem technology,
Lonospheric propagation, solid state sciences, microwave
physics and electronic neliability, maintainability and
compatibility.
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